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MYLORDDUKE, 

XT" OUR  Grace,  whilR  I had 
^ the  honour  of  being  in- 
truded with  your  Education  in 
this  place,  fhewed  a difpodtion  ^ 
to  theStudy  ofChemidry  : I wilh  • 
that  any  thing  contained  in  the 

fol- 


a 2 


( ■•;  ) 

' t , 

. following  Eflays  may  tend  to  re- 
vive it. 


Chemiftry  is  cultivated  abroad 
by  perfons  of  the  firft  P.ank, 
Fortune,  and  Ability;  they  find 
in  it  a never- failing  fource  of 
honourable  amufement  for  their 
private  hours ; and  as  public 
men,  they  confider  its  cultivation* 
as  one  of  the  mofi:  certain  means 
of  bringing  to  their  utmofi:  per-  . 
fedion,  the  manufadlufes  of  their 
country.  . ’ 


‘•i 


That 


( iii  ) 

That  your  Grace^s  private 
life  may  continue  to  be  bleiTed 
with  every  domeftic  comfort ; 
and  that  your  public  life  may  be 
diftinguiflaed  by  principles  and* 
aclions  ufeful  to  your  country, 
and  honourable  to  yourfelf,  is 
the  hncere  prayer  of 

Your  Grace’s 

.Mofl  afFeclionate  - • 

And  obliged  Servant,.. 

CamhriJge, 

Feb,  zo,  J781. 
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PREFACE. 


H E fubje<5ls  of  the  following 


Eflays  have  been  chofen,  not 
fo  much  with  a view  of  giving  a 
Syftem  of  Chemiftry  to  the  world,  as 
with  the  humbler  defign  of  convey- 
ing in  a popular  way,  a general  kind 
of  knowledge,  to  perfbns  not  much 
verfed  in  chemical  inquiries. 

Two  other  volumes,  which  are 
nearly  ready  for  the  prefs,  v/ould 


finifh  the  whole  of  my  plan,  but 
being  quite  doubtful  how  far  either 
the  fubjedl  itfelf,  or  at  leaft  how  far 
the  manner  in  which  I have  been 
able  to  treat  if,  may  be  acceptable 
to  the  Public,  I dare  not  at  prefent 
venture  to  folicit  the  Reader’s  atten- 


tion 
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tion  to  them  : If  they  fhould  never 
fee  the  light,  the  world  will  fuffer 
little  lofs ; and  as  to  the  trouble  and 
expence  which  I have  been  at  in 
compofing  them,  they  are  more  than 
compenfated  by  the  knowledge  I 
have  gained. 

There  are  two'  fets  of  men  of 
whom  I particularly  crave  indul- 
gence ~ Chemifts,  and  Divines. 
Chemifts  muft  excufe  me,  as  well 
for  having  explained  common  mat- 
ters, with  what  will  appear  to  them 
a difgufting  minutenefs,  as  for  hav- 
ing pafTed  over  in  filence  fome  of 
the  moft’ihterefting  queftions  :■  fuch 
are  thofe  which  refpedt  the'analyfis 
of  air  and  fire,  the  produfliioh  and^ 
tranfmutation'  ’ of  falrne  fubftances, 
the  fpontaneous  deftrudion  and  ge- 
neration of  minerals. 


Divines, 
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Divines,  I hope,  will  forgive 
me,  if  I have  ftolen  a few  hours, 
nof,  I truft,  from  the  duties  of  my 
office,  but  certainly  from  the  ftudies 
of  my  profeffion,  and  employed 
them  in  the  cultivation  of  natural 
philofophy:  I could  plead  in  rny 
defence,  the  example  of  fome  of  the 
grcatell  charadlers,  that  ever  adorned 
either  this  Univerfity  or  the  Church 
of  England.  The  books  of  Nature 
and  of  Revelation  equally  elevate 
our  conceptions  and  incite  our 
piety  j they  mutually  illuftrate  each 
other  j they  have  an  equal  claim  to 
our  regard,  for  they  are  both  written 
by  the  finger  of  the  one  eternal 
INCOMPREHENSIBLE  GOD,  TO  WHOWt 
BE  GLORY  FOR  EVER,  AmEN. 


For 
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For  the  milTiakes  I may  have  fallen 
into  in  treating  of  fuch  a vai'iety  of 
matter,  and  for  the  imperfedlion  in 
the  defign  and  execution  of  the 
Work  icfelf,  I generally  intreat  the 
Reader’s  excufe  in  the  words  of 
Pliny  i 

Occupati  Jumus  ojiciis,  fuhjecivif- 
que  boris  ifia  curamus. 
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ESSAY 
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ON  THE  P-ISE  AND  PROGRESS  OF 
CHEMISTRY. 

HE  beginnings  of  every  art. 


which  tended  cither  to  fupply 
the  neceffities,  or  to  alleviate  the 
more  prefTmg  inconveniences  of  hu- 
man life,  were  probably  coeval  with 
the  firft  eftablifliment  of  civil  fo- 
cieties,  and  preceded,  by  many 
ages,  the  inventions  of  letters,  of 
hieroglyphics,  and  of  every  other 
mode  of  tranfmitting  to  pofterity 
the  memory  of  paft  tranfadbions. 
In  vain  fhall  we  inquire  who  in- 
vented the  firft  plough,  baked  the 
VOL.  I,  A firfl 


( 2 ) 

firfl  bread,  fhaped  the  firft  pot,  wove 
the  firfl  garnaent,  or  hollowed  out  the 
firfl  canoe.  Whether  men  were  ori- 
ginally left,  as  they  areatprefent,  to 
pickupcafual  information  concern- 
ing the  properties  of  bodies,  and  to 
invefligate  by  the  flrength  of  natural 
genius  the  various  relations  of  the 
‘ objedls  furrounding  them  j or  were, 
in  the  very  infancy  of  the  world,  fu- 
pernaturally  afTifled  in  the  difeovery 
'of  matters  effential,asitfhou]d  feem, 
to  their  exiflence  and  well-being, 
mufl  ever  remain  unknown  to  us. 

There  can  be  little  doubt  that  m 
the  fpace  of,  at  leaft,  1656  years, 
from  the  creation  of  the  world  to  the 
deluge,  a great  variety  of  economical 
arts  mufl  have  been  carried  to  a very 
confidcrable  degree  of  perfedlion. 
The  knowledge  of  many  of  thefe  pe- 
' rifhed. 


( 3 )’ 

riflied,  in  ail  likelihood,  with  the 
then  inhabitants  of  the  earth ; it  be- 
ing fcarcely  polfible  for  that  fingl© 
family  which'  efeaped  the  general 
ruin  to  have  either  praftifed,  or 
been  even  fupe-rfiGially  acquainted 
with  them  all.  When  men  have 
been  long  united  in  civil  focieties, 
and  human  nature  has  been  exalted 
•by  a reciprocal  communication  of 
knowledge,  it  does  not  often  hap- 
pen, that  any  ufeful  invention  is  in- 
tirely  loft  : but  were  all  the  prCifent 
inhabitants  of  the  earth,  except 
eight  perfons,  to  be  deftroyed  by 
one  fudden  calamity,  who  fees  not 
that  moft  of  thofe  ferviceable  and 
elegant  arts,  which  at  prefent  confti- 
tute  the  employment,  and  contri- 
bute to  the  happinefs  of  thegreateft: 
part  of  the  human  race,  would  pro- 
A 2 bablv 
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bably  be  buried  in  long  oblivlonf 
Many  centuries  might  flip  awayj 
before  the  new  inhabitants  of  the 
globe  would  again  become  ac- 
quainted with  the  nature  of  the  com- 
pafs,  with  the  arts  of  painting,  print- 
ing, or  dying  of  making  procelain, 
gun-powder,  fteel,  or  brafs. 

The  interval  of  time  which  elapfed 
from  the  beginning  of  the  world  t© 
the  firfl;  del^ige,  is  reckoned,  by  pro- 
fane hiftorians,  to  be  wholly  uncer- 
tain as  to  the  events  which  happen- 
ed in  it:  it  v/as  antecedent,  by  many 
centuries,  not  only  to  the  aera  when 
they  fuppofed  hiftory  to  commence, 
but  to  the  moft  diftant  ages  of  he- 
roifm  and  fable.  The  only  account 
relative  to  it,  which  we  can  rely 
upon,  is  contained  in  the  firfl;  fix 
chapters  of  the  book  of  Genefis ; 
^hrcc  of  which  being  employed  in 

the 
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the  hiflory  of  the  creation,  and  of 
the  fail  of  man  j and  a fourth  con- 
taining nothing  but  a genealogical 
narration  of  the  patriarchs  from 
Adam  to  Noah ; it  cannot  reafon- 
ably  be  expelled,  that  the  other  two 
fhould  enable  us  to  trace  the  various 
fteps  by  which  the  human  intelle(5t 
advanced  in  the  cultivation  of  arts 
and  fciences,  or  to  afccrtain,  with 
much  precifion,  the  time  when  any 
of  them  was  firft  introduced  into  the 
world.  It  is  fomewhat  remarkable 
that  from  this  account,  Ihort  as  it  is,  . 
the  chemifts  fhould  be  authorized, 
with  fome  propriety,  to  exalt  the 
antiquity  of  their  art  to  the  earliefl 
times.  Tubal-cain  is  there  mention- 
ed as  an  inflrufior  of  every  artificer 
in  copper  and  iron'^.  This  circum- 
flance  proves,  beyond  difpute,  that 
A 3 one 

* Gen.  iv.  2 2, 
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one’  part  of  metaHirrgrc  ch’emiflry' 
w^s  well  imderdood  at  that  time,  for 
copper  and  iron  are  of  aW  the  metals 
moft'difHcultly  extrafted  from  their 
ores,  and  cannot,  even  in  our  days, 
be  rendered  malleable  without  much 
fl<Lill  and  trouble  ; and  it  proves  alfo 
that  the  arts  in  general  were  in  an 
improved  ftate  amongft  the  antedi- 
luvians. Iris  faid,  indeed,  that  fome 
tribes  of  Hottentots  (who  can  have 
' no  pretenfions  to  be  ranked  amongft 
the  cultivators  of  the  arts)  know 
how ito  melt  both  iron  and  copper-}-; 
but  this  knowledge  of  theirs,  if  they 
have  not  derived  it  from  an  inter- 
cpurfe  with  the  Europeans,  is  a very 
extraordinary  circumftance,  fince 
the  melting  and  manufa(fturing  of 
metals  are  juftly  confidered,  in  ge- 
neral. 


f Former’s  Voy.  Vol.1.  p.  8i. 
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neral,  as  indications  of  a more  ad- 
vanced ftate  of  civilization  than  the 
Hottentots  have  yet  arrived  at.  But  > 
not  to  dwell ^ upon  this;  Cain  we 
know  buik  a city,  and  fome  would 
thence  infer  that  metals  were  in  ufe> 
before  the  time  of  Tubal-cain,  and 
that  he  is  celebrated  principally  for, 
his  ingenuity  in  fabricating  them 
for  domeftic  purpofes.-  Hiflory 
feems  to  fupport  our  pretenfrons 
thus  far.  As  to  the  opinion  of  thofe 
who,  too  zealoufly  contending  for 
the  dignity  of  chemiftry,  make  the 
difeovery  of  its  myfteries  to  have 
been  the  pfetium  amoris  which  angels 
paid  to  the  fair  daughters  of  men,  we 
in  this  age  are  more  difpofed  to  apo- 
logize for  it  than  to  adopt  it.  We 
may  fay  of  arts  what  the  Roman 
hiftorian  has  faid  of  Hates — dcitur 
A 4 hac 
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hacvenia  antiquit atiy  uty'^inifcendo  hu-^ 
mana  divtnisy  prtmordia  artium  au~ 
gufiiora  faciat  §, . 

For  many  ages  after  the  flood  we 
have  no  certain  accounts  of  the  flate 
of  chemiftry.  The  art  of  making 
wine,  indeed,  was  known,  if  not  be- 
fore, foon  after  the  deluge ; this  may 
be  collected  from  the  intoxication 
of  Noahll,  there  being  no  inebriat- 
ing quality  in  the  unfermented  juice 
of  the  grape.  The  Egyptians  were 
Ikilled  in  the  manufafturing  of  me- 
tals, in  medicinal  chemiftry,  and  in 
the  art  of  embalming  dead  bodies, 
long  before  the  time  of  Mofes,  as 
appears  from  the  mention  made  of 
Jofeph’s  cup  *,  and  from  the  phyfi- 
cians  being  ordered  to  embalm  the 
body  of  Jacob  f.  They  pradlifed 

alfo 

§ Livy’s  Praef.  I|  Geo.  ix.  21. 

* Gen.  xliv.  2.  f Gen.  1.  2. 
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alfo  the  arts  of  dying  and  of  making 
coloured  glafs  at  a very  early  pe- 
riod j as  has  been  gathered,  not  only 
from  the  teftlmony  of  Strabo,  but 
from  the  relics  found  with  their 
mummies,  and  from  the  glafs  beads 
with  which  their  mummies  are 
fometimes  ftudded  -f.  But  we  cannot 
from  thefe  inftances  conclude  that 
chemiftry  was  then  cultivated  as  a 
feparate  branch  of  fcience,  or  dif- 
tinguifhed  in  its  application,  from 
a variety  of  other  arts  which  muft 
have  been  exercifed  for  the  fupporc 
and  convenience  of  human  life.  All 
of  thefe  had  probably  fome  depend- 
ance  on  chemical  principles,  but 

they 

f See  Deleval’s  ingenious  Inquiry  into  the 
Caufeof  the  Changes  of  Colours,  Pref.  lvi  ; 
'and  Duten's  learned  Inquiry  into  the  Difco- 
veries  attributed  to  the  Moderns,  p.  241. 
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they  were  then,  as  they  are  at  prc- 
fent,  praftifed  by  the  feveral  ar- 
tifts  without  their  having  any  theo- 
retical knowledge  of  their  refpec- 
tive  employments.  Nor  can  we  pay 
much  attention  in  this  inquiry  to  the 
obfcurc  accounts  which  are  given 
of  the  two  great  Egyptian  philofo- 
phers,  Hermes  the  elder,  fuppofed 
to  be  the  fame  with  Mizraim  grand- 
fon  of  Noah  j and  Hermes  furnamed 
Trifmegiftus  the  younger,  from 
whom  chemiftry  has  by  fome  been 
affe6tedly  called  the  Hermetic  art. 

The  chemical  (kill  of  Mofes  dif- 
played  in  his  burning,  reducing  to 
an  impalpable  powder,  and  render- 
ing potable  the  golden  calf  in  the 
wi'ldernefs,  has  been  generally  ex- 
tolled by  writers  on  this  fubjeftj  and 
conftantly  adduced  as  a proof  of  the 

then 
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th^n  floufifliing  ftate  of  chemiftry 
ainongfl:  the  Egyptians,  in  whofe 
learning  he  is  faid  to  have  been  well 
venfed.  If  Mofes  had  really  reduced 
the  gold  of  which  the  calf  confiftedy 
into  afbeS,  by  calcining  it  in  the 
fire  ^ or  ff>ade  it  any  other  way  folu- 
ble  in  water,  this  inftance  would 
have  been  greatly  in  point  j but  nei- 
ther in  Exodus  nor  in  Deuteronomy 
where  the  fa6t  is  mentioned,  is  there 
any  thing  faid  of  its  being  dilfolvcd 
in  water.  The  enemies  of  revelatinny 
on  the  other 'hand,  conceiving  it  to 
be  impoffible  to  calcine  gold,  or  to 
render  it  potable,  have  produced 
this  account  as  containing  a proof 
of  the  want  of  veracity  in  the  facred 
hiftotian.  Both  fides  feem  to  be  in 
an  error  ; Stahl  and  other  chemiifs 
have  fhcwn  that  it  is  poffible  to  make 

gold 
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gold  potable,  but  we  have  no  rea- 
fon  to  conclude  that  Mofes  either 
ufed  the  procefs  of  Stahl,  or  any 
other  chemical  means  for  effe61;ing 
the  purpofe  intended  — he  took  the 
calf  which  they  had  madCi  and  burnt  it 
in  the  fire,  and  ground  it  to  powder,  and 
Jlrewed  it  upon  the  water,  and  made 
the  children  of  IJrael  to  drink  of  it 
Here  is  not  the  leaft  intimation  given 
of  the  gold  having  been  diflblved, 
chemically  fpeaking,in  waterj  it  was 
flamped  and  ground,  or,  as  the  i^rabic 
and  Syriac  verfions  have  it,  filed  into 
a fine  duft,  and  thrown  into  the  river 
of  which  the  children  of  Ifrael  ufed 
to  drink  : part  of  the  gold  would 
remain,  notwithftanding  its  greater 
fpecific  gravity,  fufpended  for  a time 
(as  happens  in  the  wafiiing  of  cop- 

per 


* Exod,  xxxii,  20. 
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per  and  lead  ores),  and  might  be 
fwallowed  in  drinking  the  water ; the 
reft  would  fmk  to  the  bottom,  or 
'be  carried  away  by  the  flux  of  the 
ftream. 

Neverthelefs,  though  nothing  fa- 
tisfadlory  can  be  concluded  concern- 
ing the  Egyptian  chemiftry  from 
what  is  faid  of  Mofes  in  this  in- 
ftance,  yet  the  ftrudlure  of  the  ark, 
and  the  fafliion  of  Aaron’s  garments, 
clearly  indicate  to  us  that  the  arts  of 
manufacturing  metals,  of  dying  lea- 
ther red,  and  linen  blue,  purple, 
and  fcarletj  of  diftinguilhing  preci- 
ous ftones,  and  engraving  upon  them, 
were  at  that  time  praCtifed  in  a very 
eminent  degree The  Ifraelites 
had  unqueftionably  learned  thefe 
arts  in  Egypt,  and  there  is  great  rea^ 

fon 


* Exod.  XXVI.  and  xxviii. 
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Ton  to  fuppofc  not  only  that  learning 
of  every  kind  firft  fiouriihed  in 
Egypt,  but  that  ehemiftry,  in  parti- 
cular, was.  much  cultivated  in  that 
country  when  other  fciences  had 
paffed  into  other  parts  of  the  world. 
Pliny,  in  fpeaking  of  the  four  periods 
of  learning  which  had  preceded  the 
times  in  which  he  lived,  reckons  the 
Egyptian  the  firft:  and  Suidas,  who 
is  thought  to  have  lived  in  the  tenth 
century,  informs  us  that  the  Empe- 
ror  Diocletian  ordered  all  the  books 
of  ehemiftry  to  be  burned,  left  the 
Egyptians  learning  from  them  the 
art  of  preparing  gold  and  filver, 
ftiould  thence  derive  refources  to  op- 
pofe  the  Romans  It  is  worthy  of 
notice  that  Suidas  ufes  the  word 
-ehemiftry  in  a very  reftridled  fenfe, 

when 

* 

Lexicon,  Vox' 
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'when  he  interprets  it  by — the  pre- 
paration of  gold  and  filver  i — but  all 
the  chemifts  ip  the  time  of  Suidas, 
and  for  many  ages  before  and  after 
him,  were  alchemifts.  The  edi61:  of 
Diocletian  in  the  third  century,  had 
little  effedt  in  repr.effing  the  ardour 
for  this  ftudy  in  any  part  of  the 
world,  fipce  we  are  told  that  not 
lefs  than  five  thoufand  books,  to  fay 
nothing  of  manufcripts,  have  been 
publifhed  upon  the  fubjedl  of  al- 
chemy fince  his  time  *, 

At  what  particular  period  this 
branch  of  chemiftry,  rcfpedling  the 
tranfmutation  of  the  bafer  metals 
into  gold,  began  to  be  diftinguifiied 
by  the  name  of  alchemy,  cannot 
be  determined.  An  author  of  the 
. fourth  century,  in  an  afirological 

work. 


♦ Chem.  Waller,  p.  40. 
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work,  fpeaks-  of  the  fcience  of  al- 
chemy as  well  underftood  at  that 
time ; and  this  is  faid  to  be  the  firft. 
place  in  which  the  word  alchemy  is 
ufed  But  Voflius  aflerts  that  we 
ought,  in  the  place  here  referred  to, 
Jnftead  of  alchemia  to  read  chemia  f : 
be  this  as  it  rnay,  we  can  have  no 
-doubt  of  alchemia  being  compound- 
,cd  of  the  Arabic  al  (the)  and  chemia^ 

. to  denote  excellence  and  fuperiority, 
^as  in  al-manack,  al-koran,  and  other 
words.  Whether  the  Greeks  in- 
vented, or  received  from  the  Egyp- 
tians, the  do6lrine  concerning  the 
tranfmutation  of  metals,  or  whether 
the  Arabians  were  the  firft  who  pro- 
fefled  it,  is  uncertain.  To  change 

iron, 

Jul.  Fermi.  Mater.  Aftronomicon.  Lib. 
m.  c.  15- 

Vofs.,  Etymo.  Vox  Alchemia. 

#.■ 
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Iron,  lead,  tin,  copper,  qulckfilver 
into  gold.  Teems  to  be  a problem 
more  likely  to*  animate  mankind  to 
attempt  its  folution,  than  .either  that 
of  fquaring  the  circle,  or  of  finding 
out  a perpetual  motion ; and  as  it 
has  never  yet  been  proved,  perhaps 
never  can  be  proved  to  be  an  impof- 
fthle  problem,  it  ought  not  to  be 
efteemed  a matter  of  wonder,  that 
the  firfi:  chemical  books  we  meet 
with,  are  almofi:  intirely  employed 
in  alchemical  inquiries. 

Chemiftry,  with  the  reft  of  the 
fciences,  being  banilhed  from  the 
other  parts  of  the  world,  took  re- 
fuge among  the  Arabians.  Geber 
in  the  feventh,  or  as  fome  will  have 
it  in  the  eighth,  and  others  in  the 
ninth  century,  wrote  feveral  chemi- 
cal or  rather  alchemical  books  in 
Arabic.  In  thefe  wc^ks  of  Geber 

VOL,  I.  B are 
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are 'contained  fuch  ufeful  'direfHons 
concerning  the  manner  of  conduct- 
ing diftillation,  calcination,  fubii- 
mation,  and  other  chemical  opera- 
tions, and  fuch  pertinent  obferva- 
tions  refpedting  various  minerals,  as 
juftly  feem  to  entitle  him  to  the  cha- 
rafter,  ^vhich  feme  have  given  him, 
of  being  the  father  of  chemiftry ; 
though,  in  one  of  the  moll  celebrated 
of 'his  works,  he  modeltly  acknow-^ 
ledges  himfelf  to  have  done  little 
clfe  than  abridge  the  doctrine  of  the 
ancients  concerning  the  tranfmuta- 
tion  of  metals  Whether  he  was 

pre-^ 

* Totam  noflram  metallorum  tranfmu- 
tandorum  fcientlam,  quam  ex  libris  antiquo- 
rum phllofophorum  abbreviavimus,  compi- 
latione  diverfa,  in  noftris  voluminibus,  hie 
in  unam  fummam  redegimus.  Gebri  Alch. 
cap.  I.  edition  by  Zetzner  in  1512.  In 
Tancken’s  edition  in'  i68r,  the  words  mo 
tallorum  tranfmutaudorum  are  omitted. 
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preceded  by  Mefue  and  Rha^ieSj  ot 
followed,  by  is  not  in  the  pre- 

fent  inquiry  a matter  of  much  im^ 
portance  to  determine,  fince  the 
forementioned  phyficians  as  well  as  ‘ 
Avicenna,  who,  from  ail  accounts, 
was  pofterior  to  Geber,  fpeak  of 
many  chemical  preparations,  and 
thus  thoroughly  eftablifh  the  opi- 
nion, that  medical  chemitlry,  as  well 
as  alchemy,  was. in  thofe  dark  ages 
well  underftood  by  the  Arabians,  r 
Towards  the  beginning  of  the 
thirteenth  century  Albert  the  great 
in  Germany,  and  Roger  Bacon  in 
England,  began  to  cultivate  che- 
miftry  with  fuccefs,  excited  there- 
to, probably,  by  the  perufil  of  fome 
Arabic  books,  which  about  that 
time  were  tranflated  into  Latin. 
Thefe  two  monks,  efpecially  the 
B 2 latter. 
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latter,  Ceem  to  have  as  far  exceeded 
the  common  ftandard  of  learning  in 
the  age  in  which  they  lived,  as  any 
philofophers  who  have  appeared  in 
any  country  either  before  their  time 
or  fince.  They  were  fucceeded  in 
the  fourteenth  and  fifteenth  centu- 
ries, by  a great  many  eminent  men 
both  of  our  own  country  and'  fo- 
reigners, who,  in  applying  them- 
felves  to  alchemy,  made,  inciden- 
tally, many  ufeful  difcoveries  in  va- 
rious parts  of  chemiftry  : fuch  were 
Arnoldus  de  Villa  Nova  in  France; 
our  countryman  George  Ripley; 
Raymund  Lully  of  Majorca,  who 
firfl  introduced,  or  at  leaft  more 
largely  explained,  the  notion  of  an 
univerfal  medicine;  and  Bafile  Va- 
lentine, whofe  excellent  book,  inti- 
tled  Currus  Antimonii  triumphalis,  has 
contributed  more  than  any  thing 

clfc 
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elfe  to  the  introdudlion  of  that  moft 
ufeful  mineral  into  the  regular  prac- 
tice of  moft  phyficians  in  Europe i 
it  has  given  occafion  alfo  to  a va- 
riety of  beneficial,  as  well  as  (a  cir- 
cumftance  which  might  be  expedl- 
ed,  when  fo  ticklifh  a mineral  fell  in- 
to the  hands  of  interefted  empirics) 
to  many  pernicious  nofir  urns.  To 
this,  rather  than  to  the  arrogant  fe- 
verity  with  which  Bafile  Valentine 
treats  the  phyficians  his  cotempora- 
ries, may  we  attribute  the  cenfure  of 
Boerhaave,  who,  in  fpeaking  of  hirn, 
fays,  he  erred  chiefly  in  this,  that 
he  commended  every  antimonial 
preparation,  than  which  nothing 
can  be  more  foolifh,  fallacious,  and 
dangerous ) but  this  fatal  error  has 
infe(51:ed  every  medical  fchool  froni 
that  time  to  tliis*.’"  The 

* Bocrh.  Ch.  Vol.  L p;  i8. 
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The  attempting  to  make  gold  or 
filver  by  alchemical  procefles  had 
been  prohibited  by  a conftitution  of 
Pope  John  the  XXlId.  who  was  ele- 
vated to  the  pontificate  in  the  year 
131 6 *,5  and  within  about  one  hun- 
dred and  twenty  years  from  the  death 
of  friar  Bacon,  the  nobility  and  gen* 
try  of  England  had  become  fo  infa- 
tuated with  the  notions  of  alchemy, 
and  wafted  fo  much  of  their  fub- 
ftance  in  fearch  of  the  philofopher’s 
ftone,  as  to  render  the  interpofition 
of  government  neceflary  to  reftrain 
their  folly.  The  following  aft  of 
parliament,  which  lord  Coke  calls 
the  Ihorteft  he  ever  met  with,  was 
pafled  5 H.  4.  “ None  from  hence- 
forth fhali  ufe  to  multiply  gold  or 
filvefi.or  ufe  the  craft  of  multiplica- 
tion, 

» Kirch,  Mun,  Sub,  L,  xi.  Se£l,  iv.  c,  i, 
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tion,  and  if  any  the  fame  do,  hefhali 
incur  the  pain  of  felony/"  It  has 
been  fuggefted,  that  the  reafon  of 
paffing  this  adt  was  not  an  appre- 
henfion  left  men  fnould  ruin  their 
fortunes  by  endeavouring,  to  make 
gold,  but  a jealoufy  left  government 
Ihould  be  above  alking  aid  of  the 
fubjeft.  After  Raymund  Lully, 
and  Sir  George  Ripley,  had  fo  large- 
ly multiplied  gold,  the  lords  and 
commons,  conceiving  fome  danger 
that  the  regency,  having  fuch  im- 
menfe  trcafure  at  command,  would 
be  above  alking  aid  of  the  fubjedl, 
and  might  become  too  arbitrary  and 
tyrannical,  made  an  a6l  againft  mul- 
tiplying gold  and  filver  This 
aft,  whatever  might  be  the  occafion 
of  pafting  it,  though  it  gave  fomo 
B 4 ob- 


^ Opera  Mlneralia  explicata,  p,  10, 
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obftru(?tion  to  the  public  ejtercife  of 
alchemy,  yet  it  did  not  cure  the  dif- 
pofition  for  it  in'  individuals,  nor  re- 
move the  general  credulity ; for  in 
the  35  H.  6.  Letters  Patent  were 
granted  to  feveral  people,  by  which 
they  were  pen'nitted  to  inveftigate  arr. 
univerfal  medicine,  and  to  perform 
the  tranfmutation-  of  metals  into  real* 
gold  and  filver,  with  a non-obftante 
of  the  forementioned  ftatute,  which* 
remained  in  full  force  till  the  year 
1689,  when  being  conceived  to  ope- 
rate to  the  difcouragement  of  the 
melting  and  refining  of  metals,. it  was- 
formally  repealed 

The 

* Mr.  Boyle  is  fald  by  bis  intereft  to  have 
procured  the  repeal  of  this  lingular  llatutc, 
and  to  have,  been  probably  induced  theretc^, 
in  confequence  of  his  having  been  perfuaded 
of  the  poffibility  of  the  tranfmutation  of  me- 
tals into  gold.  See  his  life  prefixed  to  the 
folio  ed.  of  his  works,  p.  83. 
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The  beginning  of  the  fixteent/2 
century  was  remarkable  for  a greac 
revoltnion  produced  in  the  Europe- 
an praf^ice  of : phyfrc,  by  means  of 
ehemiftry.  Then  it  was  that  Para- 
celfus,  following  the  fteps  of  Bafile 
Valentine,  and  growing  famous  for 
curing  the  venereal  difeafe,  the  le- 
profy,  and  other  virulent  diforders, 
principally  by  the  means  of  mercu- 
rial and  antimonial  preparations, 
wholly  rejefled  the  Galenical  phar- 
macy, and  fubftituted  in  its  ftead  the 
chemicak  He  had  a profefibr’s  chair 
given  him  by  the  magidracy  of  Ba- 
fil,  was  the  firft  who  read  public  lec- 
tures in  medicine  and  chemiflry, 
and  fubjefled  animal  and  vegetable 
as  well  as  mineral  fobftances  to  an 
examination  by  fire. 

- It  feldom  happens  that  a man  of 
but*  common  abilities,  and  in  the 

moll 
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mofl  retired  fcenes  of  life,  obferves 
fuch  a drift  uniformity  of  conduft, 
as  not  to  afford  prejudice  and  par- 
tiality fufficient  materials  for  draw- 
ing his  charafter  indifferent  colours ; 
but  fuch  a great  and  irregular  genius 
as  P.aracelfus,  could  not  fail  of  be- 
coming alike,  the  fubjeft  of  the  ex- 
tremes of  panegyrick  and  fatire.  He 
has  accordingly  been  efleemed  by 
fome,  a fecond  Efculapius  *,  others 
have  thought  that  he  was  poffeffed  of 
more  impudence  than  merit,  and  that 
his  reputation  was  more  owing  to 
the  brutal  fingularity  of  his  conduft, 
than  to  the  cures  he  performed.  He 
treated  the  phyficians  of  his  time, 
with  the  mofl  fottifh  vanity  and  il- 
liberal infolence  3 telling  them,  that 
the  very  down  of  his  bald  pate  had 
more  knowledge  than  ail  their  wri- 

. . , ters. 
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ters,  the  buckles  of  his =lhoes  .more 
learning  than  Galen  .or  Avicenna, 
and  his  beard  more  experience  than 
all  their  univerfities  He  revived 
the  extravagant  ,do6lrIne  of  Ray- 
mond Lully,  concerning,  an  univer- 
fal  medicine,  and  untimely  funk  into 
bis  grave  at  the  age  of  forty- feven, 
whilft  he  boafted  himfelf  to  be-  in 
polTeflion  of  fecrets  able  to  prolong 
the  prefent  period  of  human  -life  to 
that  of  the  Antediluvians. 

But  in  whatever  eftimation  the 
merit  of  Paracelfus  as  a chemift:  may 
be  held,  certain  it  is,  that  his  fame 
excited  the  envy  of  fome,  the  emu- 
lation of  others,  and  the  indqftry  of 
all.  ,Thofe,who  attacked,  and  thofc 
who  defended  his  principles,  equally 
. . promoted 

* Preface  to  his  book  entitled  Faragfanum, 
where  there  is  more  in  the  fame  ftyle. 
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promoted  the  knowledge  of  che- 
miftry;  which  from  his  time,  by 
attrafting  the  notice  of  phyficians,  | 
began  every  where  to  be  fyllemati- 
eally  treated,  and  more  generally 
wnderftood. 

Soon  after  the  death  of  ParacelfnSj 
which  happened  in  the  year  1541, 

\ 

the  arts  of  mining  and  fluxing  me- 
tals, which  had  been  praclifed  in 
. mod  countries  from  the  earlicfl: 
times,  but  had  never  been  explain- 
ed by  any  writers  in  a fcientific  man- 
ner, received  great  illuftration  from 
the  works  of  Georgius  Agricola,  a 
German  phyfician.  The  Greeks  and 
Romans  had  left  no  treatifes  worth 
mentioning  upon  the  fubjedt,  and 
though  a book  or  two  had  appeared 
in  the  German  language,  and  one  in 
the  Italian^  relative  to  metallurgy^ 

before 
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^before  Agricola  pubriilied  Kis  twelve 
books  De  Re  Metallica,  yet  he  is 
jiiftly  efteemed  the  firft  author  of  re- 
putation in  that  branch  of  chemiftry. 

Lazarus  Erckern  (aifay  - mafter 
general  of  the  empire  of  Germany) 
followed  Agricoia  in  the  fame  pur- 
fuit.  His  works  were  firft  publiih- 
ed  at  Prague  in  1574,  and  an  En- 
glifh  tranflation  of  them  by  Sir  John 
Pettus,  came  out  at  London  in 
1683.  works  of  Agricola  and 

Erckern  are  ftill  highly  efteemed, 
though  feveral  others  have  been 
■publifhed,  chiefly  in  Germany,  upon 
the  fame  Ibbjcdl  fince  their  time. 
Amor.gft  thefe  w^e  may  reckon 
Schindler’s  Art  of  Affaying  Ores 
and  Metals  j the  metallurgic  works 
of  Orfchall  j the  works  of  Henckell ; 
ofSclutter;  of  Cramer;  of  Lehman; 

and 
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and  of  Cellert,  'Germany,  indeed, 
has  for  a long  time  been  the  great 
fchool-of  metallurgy  for  the  reft  of 
Europe;  and  we,  in  this  country, 
owe  the  prefent  flourilhing-  condi* 
tion  of  our  mines,  efpeclally  of  out 
copper  mines,  as  well  as  of  our  brafs 
manufaftory,  to  the  wife  policy  of 
queen  Elizabeth,  in  granting  great 
privileges  to  Daniel  Houghfetter, 
Chriftopher  Schutz,  and  other  Ger^ 
mans;  whom  fhe  had  invited  into 
England,  in  order  to  inftru6l  her 
fubje6ts  in  the  art  of  metallurgy. 

It  was  not,  however,  till  towards 
the  middle  of  the  laft  century,  that 
general  chemiftry  began  to  be  culti- 
vated in  a liberal  and  philofophical 
manner.  So  early  as  the  year  1645 
feveral  ingenious  perfons  in  London^ 
in  order  to  divert  their  thoughts 

from 
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from  the  ‘horrors  of  the  civil  war 
which  had  then  broken  out,  had 
formed  themfelves  into  a fociety; 
and  held  weekly  meetings,  in  which 
they  treated  of,  what  was  then  called^ 
the  new  or  experimental  philofo- 
phy.  Thefe  meetings  were  conti- 
nued in  London  till'  the  eftablilh- 
ment  of  the  Royal  Society  in  1662; 
and  before  that  time,  by  the  re-^ 
moval  of  fome  of  the  original  mem- 
bers to  Oxfordj'  fimilar  meetings 
were  held  there,  and  thofe  ftudies 
brought  into  repute  in  that  univer- 
fity.  Mr.  Boyle,  who  had  entered 
upon  his  chemical  ftudies  about 
the  year  1647,  was  a principal  pcr- 
fon  in  the  Oxford  meetings : he 
publiftied  at  that  place  his  Scepti- 
cal Chemift,  in  j66i,  and  by  his 
various  writings  and  experiments 

greatly 
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greatly  contributed  to  the  ^intro- 
ducing into  England,  a tafte  for  ra- 
tional chemiftry. 

Next  to  Boyle,  or  perhaps  before 
him  as  a chemift,  ftands  his  cotem- 
porary the  unfortunate  Beecher, 
whofe  Phyjica  Suhterraneaj  juftly  in- 
titled  opus  fine,  party  was  firft  pub- 
lifhed  in  1669.  After  having  fuf- 
fered  various  perfecutions  in  Ger- 
many, he  came  over  into  England, 
and  died  at  London  in  1682;  at  the 
age  of  57,  He  refided  fome  time  be- 
fore his  death  in  Cornwall,  which 
he  calls  the  mineral  fchool,  owning 
that  from  a teacher,  he  was  there 
become  a learner.  He  was  the  au- 
thor of  many  improvements  in  the 
manner  of  working  mines,  and  of 
fluxing  metals  ; in  particular  he  firft 
introduced  . into  Cornwall  the  me- 
thod 
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%ihod  of  fluxing  tin  by  means  of  the 
ilame  of  pit-coal,  inflead  of  wood 
or  charcoal 

Lemery’s  very  accurate  ^courfe 
of  pradical  -chemiftry  appeared  in 

1675, 

* Beecher  wrote  his  Alphabethum  Miue- 
rale,  at  Truro  in  Cornwall,  in  1682,  not 
long  before  his  death.  In  his  dedication  of 
this  tradt  to  Mr.  Boyle,  he  has  the  following  ^ 
words  : — “ ignis  ufus,  ope^  flammarum  li- 
thantracum  flannum  et  mineralia  fundendi, 
Cornubias  hactenus  incognitus,  fed  a me  in- 
trodudlus.” — This  account  which  Beecher 
gives  of  himfelf,  is  not  quite  agreeable  to 
what  is  advanced  by  an  author  every  way 
qualified  to  come  at  the  truth  of  this  mat- 
ter.— “ Neceffity  at  laft  fuggefted  the  in- 
trodudlion  of  pit-coal  for  the  fmelting  of  tin 
ore  ; and  among  others,  to  Sir  Bevil  Gran- 
ville of  Stow  in  this  county,  temp.  Car.  t. 
who  made  feveral  experiments,  though  witl'b- 
out  fuccefs ; neither  did  the  effedtual  fmelt- 
ing  of  tin  ore  with  pit-coal,  take  place  till 
the  fecond  year  of  Queen  Anne,”  Bryce’s 
Miner.  Cornub.  p.  282. 

-VOL.  I.  C 
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1675*  Glauber’s  works  had  been 
publilbed  at  different  times,  from 
1651  to  1661,  when  his  tradf,  enti- 
tled Philofophical  Furnaces,  came 
out  at  Amfterdam.  Kunckel  died 
in  Sweden  in  1702  ; he  had  prac- 
tifed  chemiftry  for  above  50  years, 
under  the  aufpices  of  the  eledtor  of 
Saxony,  and  of  Charles  XI.  of  Swe- 
den. He  wrote  his  chemical  obfer- 
vations  in  the  German  language, 
but  had  them  tranflated  into  Latin 
in  the  year  1677  ; the  tranflation  is 
dedicated  by  its  author  to  our  Roy- 
al Society.  They  w^ere  afterwards 
tranflated  into  Englifh  in  1704. 
Having  had  the  fuperintendency  of 
feveral  glafs-houfes,  he  had  a fine 
opportunity  of  making  a great  va- 
riety of  experiments  in  that  way ; 
and  I have  been  informed  by  our 


cna- 
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frfamellers,  and  makers  of  artificial 
gems,  that  they  can  depend  mote 
upon  the  procefies  and  obfervatioiis 
of  KmVckel,  than  of  any  other  author 
•upon  the  fame  fubjed:.  The  chemi- 
••caV  labours  of  thefe  and  many  other  . 
eminent  men,  too  numerous  to  men- 
tion, were  greatly  forwarded  by  the 
efi'ablifliment  of  feveral  focieties, 
for  the  encouragement  of  natural 
philofophy,  w'hich  took  place  in 
various  parrs  of  Europe  about  that 
period. 

The  Phiiofophical  Tranfadions 
at  London,  the  Hifioire  de  I’  Aca- 
demic Royale  des  Sciences  at  Paris, 
the  Saggi  d’Efperienze  di  Acad,  del 
Cimento  at  Florence,  the  Journal 
des  Scavans  in  Holland,  the  Ephe- 
merides  Academias  Naturre  Curio- 
forum,  in  Germany,  the  Ads  of  the 
C 2 Academy 
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Academy  of  Copenhagen,  and  the 
Adta  Eruditorum  at  Leyplic ; all 
thefe  works  began  to  be  publilhed 
within  the  fpace  of  twenty  years 
from  1665,  when  our  Royal  So- 
ciety firft  fet  the  example,  by  pub- 
lilhing  the  Philofophical  Tranfac- 
tions.  To  thefe  may  be  added,  the 
works  of  the  Academies  of  Berlin, 
Peterfburgh,  Stockholm,  Upfal, 
Bononia,  Bourdeaux,  Montpelier, 
Gottingen,  and  of  feveral  others 
which  have  been  eftablilhed  within 
the  courfe  of  the  prefent  century. 
Near  a thoufand  volumes  have  been 
publilhed  by  thefe  learned  focieties 
within  lefs  than  120  years.  The 
number  of  fa£ls  which  are  therein 
related  refpedhing  chemiftry,  and 
every  other  branch  of  natural  philo- 
fophy,  is  exceedingly  great ; but  the 

fubjedt 
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fubjed  is  ftlll  greater,  and  nnifl  for 
ever  mock  the  efforts  of  the  human 
race  to  exhauft  it.  Well  did' Lord 
Bacon  compare  natural  philofophy 
to  a pyramid  ! Its  balis  is  indeed  the 
hiftory  of  nature,  of  which  we  know 
a little  and  conjecture  much  ; but 
its  top  is,  without  doubt,  hid  high 
among  the  clouds ; it  is  the  work 
which  God  worketh  from  the  beginning 
to  the  endf  infinite  and  infcrutable. 

By  the  light  which  has  been 
incidentally  thrown  upon  various 
parts  of  chemiftry  from  thofe  vaft 
undertakings  of  publick  focieties,  as 
well  as  from  the  more  exprefs  la- 
bours of  Stahl,  Newman,  Hoffman, 
Juncker,  Geoffry,  Boerhaave,  and  of 
many  others  equally  worthy  of  com- 
mendation ; by  the  theoretic  con- 
clufions  and  fyflematic  divifions 
C 3 which 
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which  have  rbee-41  introduced  loto  it;: 
from  the  dida{5lic  , manner  in  which  ^ 
the  (ll;v»dents  of  this  art  have  bce-ti  ' 
iiiftiriK^ed  in  ovety  medical  fchool;;  : 
^chemi^lry  ligs  quite  changed  its  ap-  • 
pearance.  It  is  no  longer  eonh*  | 
dercd  merely  in  a medical  viewy  ; 
nor  reftridted  ro  fome  fruitlefs  ef--  ; 
forts  upon  metals  j it  no  longer  at-  . 
tempj:s  to  impofe  upon  the  credulity-  I 
of  the  ignorant,  nor  afFedls  to  afto-  : 
nifli  the  fimplicity  of  the  vulgar  by  | 
its  wonders,  but  is  content  with  ex-  ' 
plaining  them  upon  the  principles  ! 
of  found  philofophy.  It  haslhaken  ; 
off  the  opprobrium  which  had  been  ’ 
thrown  upon  it,  from  the  unintelli-  i 
gible  jargon  of  the  alchentills,  by  j 
revealing  all  its  fecrets  in  a lan- 
guage as  clear  and  as  common  as  the-* 
nature  of  its  fubjeds  and  oj>eration6' 
will  admit.  Con— 
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Confidered  as  a branch  of  phy- 
ficks,  chemiftry  is  but  yet  in  its  in- 
fancy : however,  the  mutual  eum- 
lation  and  unwearied  endeavours 
of  fo  many  eminent  men  as  are  in 
every  part  of  Europe  engaged  in  its 
jpultivation,  will  in  a little  time  fen- 
der it  equal  to  any  part  of  natural 
philofophy,  in  the,  clearnefs  and  fp- 
lidity  of  its  principles.  In  the  uti- 
lity refulting  to  the  public  from 
its  conclufions,  with  refpeft  to  the 
practice  of  medicine,  of  agricul- 
ture, arts  and  rnanufaftures  of  every 
kind,  it  is  even  in  its  prefent  ftate 
inferior  to  none. 

The  ufes  of  chemiftry,  not  oniy 
in  the  medical,  but  in  every  econo- 
mical arc  are  too  extenfive  to  be 
enumerated,,  and  too  notorious  to 
want  iliuftration  ; it  naay  juft  be  ob- 
C 4 ferved. 
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iavedj  that  a variety  of  mamifac^ 
lures,  by  a proper  application  of 
chemical  principles,  might,  proba- 
bly, be  wrought  at  a lefs  expencey 
and  executed  in  a better  manner 
than  they  are  at  prefent.  But  to 
this  improvement  there  are  impe- 
diments on  every  hand,  which  can- 
not eahly  be  overcome-.  Thofe  who 
by  their  fituations  in  life  are  re- 
moved from  any  defign  or  defire 
of  augmenting  their  fortunes  by 
making  difcoveries  in  the  chemical 
arts,  will  hardly  be  induced  to  di- 
minifh  them  by  engaging  in  expen- 
five  experimental  inquiries,  which 
not  only  require  an  uninterrupted 
attention  of  mind,  but  are  attended 
with  the  weariforhenefs  of  bodily  la- 
bour. It  is  not  enough  to  employ 
operators  in  this  bufmefs;  a man  muft 

blacken. 
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blacken  his  own  hands  with  char- 
coal, he  muft  fweat  over  the  furnace,r 
and  inhale  many  a noxious  vapour 
before  he  can  become  a chemift. 
On  the  other  hand,  the  artifls  them- 
felves  are  generally  illiterate,  timid, 
and  bigoted  to  particular  modes  of 
carrying  on  their  refpedtive  opera- 
tions, Being  unacquainted  with  the 
learned,  or  modern,  languages,  they 
feldom  know  any  thing  of  new  dif- 
coveries,  or  of  the  methods  of  work- 
ing pra^lifed  in  other  countries.  De- 
terred by  the  too  frequent,  but 
much-to-be  lamented  examples  of 
thofe,  who,  in  benefiting  the  public 
by  projects  and  experiments,  have 
ruined  theinfelves,  they  are  unwil- 
ling to  incur  the  leaft  expence  in 
making  trials,  which  are  uncertain 
with  refped  to  profit.  From  this  ap- 

prehenfion 
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prehenfion,  -as  well  as  from  the  myf- 
terious  manner  in  which  moft  arts, 
before  the  invention  of  printing, 
and  many  ftill  continue  to  be  taught, 
they  acquire  a certain  o^inidtrete^ 
which  effeflually  hinders  them  from 
making  improvements,  by  depart- 
ing from  the  ancient  traditionary 
precepts  of  their  art.  It  cannot  be 
^queflioned,  that  the  arts  of  dying, 
painting,  brewing,  diftiiling,  tan- 
ning, of  making  glafe,  enamels, 
porcelane,  artificial  (tone,  common 
fait,  fal  amfuoniac,  falt-petre,  potafli, 
fugar,  and  a great  variety  of  others, 
•:have  received  much  improvement 
from  chemical  inquiry,  and  are  ca- 
p.able  of  receiving  much  more. 

'Metallurgy  in  particular,  though 
one  of  the  mod  .ancient  branches  of 
.chemidty,  affords  n^atter  enough  for 

new 
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new  dlfcoyeries.  There  are  a great 
riiany  combinations  ^of  metals  which 
have  never  been  made  •,  many  of 
which,  however,  might  be  .made, 
and  in  fuch  a variety  of  proportions,, 
as,  very  probably,  would  furnifh  us 
wit-h  metallic  mixtures  more  fetr 
viceable  than  any  in  ufe.  The  me- 
thod .of  extra^ling.  the  greateit  pof- 
fible  quantity  of  metal  from  a given 
quantity  of  the  fame  kind  of  ore, 
•has,  perhaps,  in  no  one.inftance  beem 
afeertained  with  fulEcient  precifion* 
There  are  many  forts  of  iron  and- 
copper  ores  which  cannot  be  con- 
verted into  malleable  metals,  with- 
out much  labour,  and  a great  exr 
pence  of  fuel ; it  is  very  probable,, 
that  by  a well-condud:ed  feries  of 
experiments,  more  compendious 
Ways  of  working  ,thefe  minerals 
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might  be  found  out.  In  our  own 
times  three  new  metallic  fubftances 
have  been  difcovered  and  their 
properties  abundantly  afcertained 
by  experiment ; and  it  may  reafon- 
ably  be  conje6lured,  that  future  ex- 
perience will  yet  augment  their 
number.  Till  Marggraaf  Ihewed  the 
manner  of  doing  it,  no  metallic  fub- 
ftance  could  be  extrafted  from  ca- 
lamine, and  all  Europe  was  fupplied 
with  zinc  “j-  either  from  India  or 
from  Germany.  A manufa£l:ory  of 
this  metallic  fubflance  has  not  many 
years  ago  been  eftablilhed  in  our 
own  country,  and  the  copper  works 
near  Briftol  have  fupplied  Birming- 
ham 

* Platina,  Reguliis  of  Cobalt,  Nickel. 

■f  Zinc  is  a metallic  fubftance,  of  the  colour 
of  lead ; when  united  with  copper,  it  confti- 
tutes  brafs,  pinchbeck,  and  other  metallic 
mixtures  refembling  gold. 
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ham  with  zinc  extra<3:ed  from  car. 
iamine.  Black  jack  was  not  long 
lince  employed  in  Wales  for  mend' 
ing  the  roads ; its  value  is  not  yet 
generally  known  in  Derbyfliire  ; but 
it  is  now  well  underftood  by  fome 
individuals  to  anfwer  the  purpofe  of 
calamine  for  the  making  of  brafs 
Monf.  Von  Swab  in  1738  was,  I be- 
lieve,  the  firft  perfon  who  diftilled 
zinc  from  black-jack  -f- ; and  a work 
which  he  eredted,  probably  gave  the 
hint  to  the  eftablifliers  of  our  Eng- 
lilh  manufaftory : indeed,  I have 
been  well  informed,  that  they  pur- 
chafed  the  fecret  from  him  when  he 

was 

• The  cobalt  ores  in  Hefle,  which  at  pre- 
fent  produce  a net  profit  of  about  14000I.  a- 
year,  were  formerly  ufed  for  the  fame  purpofe 
as  black-jack  was  lately  in  Wales. — Born’* 
Travels  by  Rafpe,  Pre.  xxvi. 
f Cronftedt’s  Miner.  Sec.  231. 
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in  B'ngiand.  TKe  various  kind’s 
of  bladk  kad,  from  which  neither 
tin  nor  iron’  can  at  prefent  be'  pro- 
cured to  advantaeo  : the  mundicks, 
foine  cobalt  ores,  cawk,  kebbley  and 
other  mineral  fubftances,  which  arc 
now  thought  to  be  ufelefs,  may  fome 
time  or  other,  perhaps,  be  applied 
to  good  purpofe.  Cawk  and  kebble, 
which  are  found  in  great  quantities 
iri  mining  countries;-  efpecially  in 
r>erb)dhire,  and  which  are  unito- 
fally  thrown  away,  may,  p^haps, 
be  nothing  but  different-  kinds'  of 
fpar,  and  defiitute  of  all  metallic 
niatter  * ; yet  it  may  not  be  impro- 
per to  remark,  that  the  external  ap- 
pearance- of  the  ydlowiih  cawk  is 
wholly  fimilar  to  that  of  calcined 

hiack- 

* See  Mr.  'Woulfe’s  ingenious  Experifriciits 
inPhilof.  Trairf.  1779,  p.  15. 
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hlack-jnck.  That  it  is  much  of  the 
fame  weight  as  black-jack  may  ap- 
pear from  the  annexed  table  : 

Weight  of  a cubic  foot  of 

White  cawk 

Yellow  cawk  411QI 

Kebble  . 4319^  avoirdup.  oz. 

Black-jack  , 4093/' 

Water  i oocj 

In  a word,  the  improvement  of 
metallurgy,  and  the  other  mechanic 
arts  dependent  on  chemiftry,  might 
beftbe  made  by  the  public  eftablifh- 
ment  of  an  Academy,  the  labours  of 
which  Ihould  be  deftihed  to  that 
particular  purpofe.  The  utility  of 
fuch  eftablithments  has  been  expe- 
rienced in  Saxony  and  other  places ; 
and  as  mines  and  manufactures  are 
to  the  full  as  important  to  us,  as  to 
any  other  European  ftate,  one  may 
4 hope. 
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Iiope,  that  the  conftituting  a Chemi^ 
cal  Academy  may,  in  times  of  peace 
and  tranquillity,  become  an  obje6t 
not  unworthy  the  attention  of  the 
King  or  the  Legiflature  of  the 
Britifli  nation*. 

* The  reader  who  wilhes  to  become  more 
fully  acquainted  with  the  hiftory  of  chemiftry, 
may  confult  what  Borrichius  has  faid  in  his 
Diflertation  de  Ortu  et  Progreffii  Chemise,  pub- 
lithed  at  Copenhagen  in  1668;  and  in  his 
book  entitled  Hermetis,  ^gyptiorum,  et  Che- 
micorum  fapientia  ab  Hermanni  Couringii  ani- 
madverlionibus  vindicata,  publiflied  at  the 
fame  place  in  1674.  He  will  alfo  find  fome- 
thing  worth  his  notice  on  this  fubject  in  Boer- 
haave’s  Chemiftry ; and  in  a work  of  Walle- 
rius,  called,  Chemise  Phyficse  Pars  Prima,  pub- 
liflied at  Stockholm  in  1760;  where  there  is 
an  ufeful  catalogue  of  the  mofl;  approved 
writers  on  the  various  parts  of  chemiftry. 
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ESSAY  II. 

ON  THE  PRINCIPAL  TERMS  ANI> 
OPERATIONS  USED  IN  CHEMISTRY. 

This  Eflay,  in  which  I mean 
to  give  a general  account  of 
the  principal  terms  and  operations 
ufed  in  chemiftry,  will,  perhaps,  be 
more  troublefome  to  the  reader,  than 
any  other  which  I fhall  have  occafion 
to  write  ; but  he  muft  not  b&  dif- 
couraged,  nor  conceive  a difguft 
againft  the  fcience  itfelf,  from  an 
inconvenience  necelTarily  attending 
all  fciences.  Chemiftry  has  as  few 
technical  terms  belonging  to  it,  as 
navigation,  law,  medicine,  or  any 
other  art  or  fcience,  which  may  have 
VOL,  I,  D chanced 
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chanced  to  engage  his  attention. 
The  more  ancient  chemifts,  indeed, 
were  fond  of  coining  abftrufe  terms, 
and  frequent  in  the  ufe  of  them 
but  this  affedation  is,  at  prefent, 
pretty  generally  and  very  juftly  ex- 
ploded. 

OF  SOLIDITY  AND  FLUIDITY. 

Though,  in  philofophical  pro7 
priety  of  fpeech,  water  be  as  folid  a 
body  as  a diamond,  yet  in  the  com- 
mon acceptation  of  the  word  foli- 
dity,  we  confider  it  as  oppofed  to 
fluidity.  Natural  philofophers  have 
agreed  to  call  that  principle,  by 
which  the  conftituent  parts  of  ftones, 
glafs,  metals,  and  other  fubftances 
cohere  together,  Atlra5iion.  They 
illuftrate  the  agency  of  this  princi- 
ple, by  a variety  of  decifive  experi- 
ments ; 


Sit 
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'^Rnents ",  decifive  as  to  the  proof  of 
the  exiftencc  of  fuch  a power,  but 
•indicating  nothing  at  ail  of  the  caufe 
of  it.  As  the  unknown  principle 
of  mutual  attraftion  between  the 
conftituent  parts  of  folid  bodies,  is 
the  caufe  of  \h€\x Jolidity ^ fo  the  un- 
known principle  of  fire,  is  the  caufe 
of  their  fluidity.  I call  the  princi- 
ple of  fire  unknown,  bccaufe,  though 
its  effedis  are  fufficiently  manifeflr, 
the  caufe  of  it  is  wholly  queftion- 
able.  But  in  whatever  manner  fire 
may  be  fuppofed  to  exert  its  agen- 
cy, it  feems  to  be  the  great  inflru- 
ment  of  fluidity  upon  the  furface  of 
the  earth.  Without  a certain  degree 
of  heat,  water,  fpirits  of  wine,  oil, 
quickfilver,  and  perhaps  the  air  it- 
fclf,  would  be  converted  into  folid 
bodies  j and  with  a certain  degree 
» 2r  of 
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of  heat  all  fluid  bodies  would  be 
changed  into  elaftic  vapours,  and  all 
folid  bodies  would  either  be  wholly 
dilTipated,  or  in  part  dilTipated,  and 
in  part  converted  into  fluid  glafs. 
Thefe  are  extreme  cafes,  to  which 
no  portion  of  the  earth  is  obnoxious ; 
no  climate  is  fo  hot,  but  that  .it 
abounds  with  water  in  a flate  of  flui- 
dity j and  none  has  yet  been  difeo- 
vered  fo  cold,  but  that  the  air  and 
-the  blood,  of  aquatic  animals  at 
leaft,  continue  fluid  ia  it. 

OF  VOLATILITY  AND  FIXITY. 

The  changes  produced  in  bodies 
by  the  a6bion  of  fire  are  various,  ac- 
cording to  the  conflitution  of  the 
bodies  thcmfelves,  and  the  degree 
•of  heat  to  which  they  are  expofed. 
.■Some  bodies,  in  a certain  degree  of 

■heat. 
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heat,  may  be  wholly  diffipated, others; 
only  in  part,  others  not  at  all.  Thus 
the  fame  degree  of  heat  which  will 
intirely  diffipate  camphor,  and  con- 
vert water  into  vapour,  will  only 
produce  a partial  difperlion  of  the 
conftituent  principles  of  turpentine, 
blood,  or  milk  ; and  will  not  effc(5b 
any  change  or  diminution  of  weight, 
in  feveral  woods,  metals,,  earths^., 
falts,  and  oils.  Thofe  bodies  which 
by  heat  fuffer  no  diminution  of  their 
weight,  are  faid  to  be  fixedj  and  thofe- 
which  do  lofe  of  their  weight,  are- 
faid  to  be  volatile.'^  and  they  are  faid: 
to  be  more  or  lefs  volatile,  according  - 
as  a lefs  or  a greater,  degree  of  heat  . 
is  reqnifite  for  producing  a fepara- r 
tion  of  their  parts.  It  is  obvious, 
that  volatilily  belongs,  to  mod;  bo- 
dies, folid  as  well  as  fluid  ; fince  the 
n 3 heat 
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heat  of  the  atmofphere  is  fufficlent 
to  diminifh  the  weight  of  many,  and  ■ 
artificial  applications  of  fuperior  de-  i 
grees  of  heat,  that  of  many  more  : j 

but  it  is  not  certain,  whether  abfo-  ! 
lute  fixity  belongs  to  any  body  in  na-  ■ 
ture,  fince  the  fame  body  which  is 
fixed  in  one  degree  of  heat,  may  be- 
come volatile  in  another:  thus  dia-  i 
monds,  which  remain  unchanged  in 
a fmall  degree  of  heat,  may  be  wholly 
difTipated  in  open  veffels  by  a great- 
er j and  gold,  which  can  refift  the 
moft  violent  fires  excited  in  our  fur-  | 
naces,  without  lofing  any  thing  of  its 
weight,  may  not  be  able  to  fuftain 
the  fiercer  adlion’  of  the  folar  rays, 
when  united  in  the  focus  of  a large 
burning-glafs. 

The  fixity  of  bodies  is  not  in  pro- 
portion to  their  hardnefs,  for  a dia- 
mond- 
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mond  is  harder  than  a ruby,  yet  a dia- 
mond may  be  wholly  diffipated  by  a 
degree  of  heat  which  produces  no 
manner  of  change  in  a ruby.  We  are 
indebted  to  the  Emperor  Francis  I. 
for  this  experiment.  He  put  dia- 
monds and  rubies,  to  the  worth  of 
fix  thoufand  fibrins,  into  different 
veffels,  and  expofed  them  to  a violent 
fire  for  24  hours ; at  the  end  of  that 
time  the  veffels  were  taken  out  of  the 
fire  and  bpened,  and  there  was  not 
remaining  the  leafl  veflige  of  the 
diamonds,  the  whole  had  been  difii- 
pated  ;but  the  rubies  were  found  to 
have  undergone  no  fort  of  change, 
either  with  refpedl  to  colour,  fliape, 
or  weight^.  of 

§ See  Magafin  de  Harabourg,’  Tom,  xviii„ 
p.  164.  or  an  extraft  in  the  notes  annexed  to 
Henckel’s  Works,  publiflted  at  Paris  in  1760, 
Yol,  II.  p.  413. — Similar  experiments  have 

j>  4 lateU 
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OF  EVAPORATION,  VOLATILIZATION, 
EXHALATION. 

When  folid  or  fluid  bodies  fuffer 
a diminution  of  their  weight,  the 
parts  which  become  volatile  and  fly 
away,  are  faid  to  be  evaporated,  vola- 
tilized, exhaled,  for  thefe  three  terms 
are  often  ufed  promifcuoufly,  though 
it  would  be  an  eafy  matter  to  diftin- 
guifli  them.  The  parts  themfelves 
are  either  humid,  fuch  are  thofe 
which  are  feparated  from  all  fluids 
(except  quickfilver),  and  the  watery 
parts  of  folid  bodies;  or  they  are 
dry;  fuch  are  the  volatile  parts  fepa- 
rated from  marble  or  chalk,  during 
the  burning  of  lime,  from  volatile 

f^lts, 

lately  been  made  in  France  ; See  Chymie  par 
M.  Banme,  Vol.  I.  p.  105.  A good  tranflation 
of  this  excellent  work  is  much  wanted.. 
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laks,  and  refins  of  various  kinds,  bjr 
the  heat  of  the  atmofphere.  The 
terms,  evaporation,  &c.  'as  fimply 
indicating  a lofs  of  weight,  may  be 
applied  to  both.  Evaporation  is  not 
folely  effefted  by  the  mediation  of 
heat;  llrong  dry  winds  in  cold  frof- 
ty  weather,  are  often  more  powerful 
agents  in  promoting  the  evaporation 
of  water  and  other  fluids,  than  the 
greatefl:  heat  of  the  fun  in  fummer* 
The  fuperficial  parts  of  fluids  are  the 
only  ones  which  are  evaporated  ei- 
ther by  heat  or  air  ; and  hence,  ia 
fimilar  circumftances,  the  quantity 
evaporated,  in  any  definite  portion 
of  time,  v;ill  be  greater  as  the  fur- 
face  of  the  fluid  is  greater.  For  this 
reafon,  the  pans  in  which  brine  is 
boiled  for  the  making  of  fait,  and 
the  pits,  in  which  fea  water  is  eva- 
porated 
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porated  by  the  fun  and  air  for  the 
fame  end,  are  ufually  made  very 
fhallow,  and  of  a large  area  j and  a 
proper  attention  to  this  circumftance 
might  be  ferviceable  to  fugar-ba- 
kersj  confeftioners,  and  other  artifts 
who  are  under  the  necelTity  of  eva- 
porating large  quantities  of  water. 
However,  as  a fluid  contained  in  a 
deep  velfel,  when  heated  to  a cer-  ! 
tain  degree,  retains  its  heat  longer  f 
than  it  would  do,  if  it  was  fpread  | 

over  a fhallower  veffel,  and  heated  | 

to  the  fame  degree  j it  may  become 
a doubt  whether  the  quantity  eva- 
porated in  confequence  of  its  retain- 
ing heat  longer,  may  not  be  equal  to 
dr  exceed  the  quantity  evaporated 
from  the  fl:iallbwer  veffel,  in  confe- 
quence of  its  larger  furface.  It 
might,  perhaps,  be  an  ufeful  pro- 
blem 
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blem  to  determine,  by  more  accu- 
rate experiments  than  any  whicli;^ 
have  been  hitherto  made,  the  length, 
breadth,  and  depth  of  a veflTel  which,, 
with  the  confumption  of  a definite 
quantity  of  fuel,  would  evaporate 
the  greateft  poflible  quantity  of  any 
fluid  in  a certain  time. 

j 

OF  DISTILLATIONAND  SUBLIMATION.. 

• Though,  in  the  procefs  of  evapo- 
ration, the  volatile  parts  of  bodies ^ 
are  ufually  difperfed  in  the  air,  and 
the  remaining  ones  only  preferved,, 
yet  it  often  becomes  necefTary  to- 
colle^f  the  volatile  parts  themfelves : 
when  this  is  the  cafe,  proper  vefiTelS' 
are  made  ufe  of  for  the  purpofe,  and 
the  operation,  if  the  parts  are  fluid, 
is  called,  diJHllationy  from  their  being 
•cllecled  drop  hy  If 

the 
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the  volatile  parts  when  colledled, 
are  dry  and  in  a concrete  form,  the 
procefs  is  called,  Juhlimationy  from 
the  parts  being  driven  upwards  by 
the  force  of  the  fire,  and  colle6led  at 
a diflance  from  the  remaining  parts. 

The  volatile  parts  thus  colle6led, 
may  in  general  be  called  fublimates; 
they  are  of  different  confiffencies, 
fome  being  in  hard  maffes,  others  in 
the  form  of  a fine  powder.  Chemifls 
have  agreed  to  apply  the  name  of 
fuhlimate,  to  fuch  as  are  in  cqnfiflent 
maffes,  the  others,  they  C2i\\flowersi 
thus  we  hear  of  corrofive  JuMimate,- 
and  of  fiowers  of  fulphur»  The  foot 
of  a chimney  is  a matter  fublimed 
from  the  fuel,  and  it  comes  under 
' the  denomination  of  flowers,  or  fub- 
limate,  according  as  it  is  of  a pow- 
dery or  conflflem  appearance.  Du- 


ring 
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ring  the  fmelting  of  lead  ore,  that 
impalpable  fubftance  which  iflues 
out  of  the  chimney  of  the  furnace, 
and  falling  upon  the  adjoining 
grounds,  renders  the  grafs  unwhole- 
fome  for  cattle,  may  properly  be 
called  the  flowers  of  lead  ore.  This 
diftin6tion  between  diftillation,  as 
collefling  the  fluid,  and  fublimation, 
as  collecting  the  folid  parts  of  bodies, 
is  not  always  fcrupuloufly  adhered 
to;  fincethe bell  authors  fpeak of  the 
diftillation  of  fulphur,  and  of  other 
bodies  whofe  volatile  parts  are  dry. 

The  chemifts  ufually  diftinguifti 
diftillation  into  three  kinds,  accord- 
ing to  the  different  manners,  in  which 
the  diftilled  vapour  is  collected.  The 
vapour  in  all  cafes  flies  from  the  fire; 
hence  when  the  fire  is  placed  above 
the  veffel  which  contains  the  matter 


to 
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to  be  diflilled,  the  vapour  in  efcaping 
fern  the  fire,  will  defcend,  and  be- 
ing collefted  in  a proper  vefiel,  the 
diflillation  is  faid  to  be  made,^^r  de- 
JcenJuMy  bydefcent.  When  the  fire  is 
placed  under  the  vefiel  containing 
matter  to  be  diftilled,  the  vapour 
•will  afcend,  and  the  diftillation  is 
called,  -per  ajcenjum^  by  afcent ; this 
is  the  common  manner  of  diftilling 
low  wines  and  fpirits.  Befides  thefe 
two  kinds  of  diftillation,  there  is  a 
third,  which  ufually  takes  its  deno- 
mination from  the  form  of  the  vef- 
fel,  in  which  the  matter  to  be  diftil- 
led, is  put.  This  vefiel  is  bent,  and 
hollow,  fomewhat  refembling  in 
fhape,  a bullock’s  horn ; it  is  from 
thence,  called  by  the  French,  a 
nue-i  more  generally,  from  its  curved 
Ihape,  a retort.  The  lower  and.mojie 
3 capa- 
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t:apacIous  part  of  the  retort  is  called 
its  bellyj  this  is  fometimes  made  al- 
inoft  globular,  that  it  may  contaia 
the  more;  the  tapering  crooked  part 
is  called  its  neck,  and  this  part  is 
joined  to  the  belly,  with  various  de* 
grees  of  obliquity,  according  to  the 
ufe  to  which  the  retort  is  defignedi 
A large  pear,  with  a long  bent  neck* 
may  give  an  idea  of  the  fliape  of  a 
retort.  The  matter  to  be  diftilled, 
be  it  liquid  or  folid,  is  put  in  at  the 
neck : it  defcends  into  the  belly  of 
the  retort : the  heat  is  applied  to  the 
belly ; the  vapours  in  flying  from  the 
heat,  ftrike  againfl  the  upper  fide  or 
roof,  as  it  is  called,  of  the  retort ; 
finding  no  exit  there,  they  are  forced 
out  laterally  through  the  neck,;  the 
neck  of  the  retort  is  clofely  joined  to 
-another  hollow  veflTel,  which  from 
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ats  office,  in  collefting  the  diftilled 
vapour,  is  called  the  receiver  or  red- 
pient  i the  diftillation  is  faid  to  be 
made,  per  latuSy  by  the  fide,  or  per 
retortam,  by  the  retort.  The  retorts 
are  made  of  various  materials,  as  of 
glafs,  iron,  earth,  according  to  the 
degree  of  heat  to  which  they  are  to 
be  expofed. 

It  is  not  certainly  known  when, 
or  by  whom,  the  art  of  diftilling  was 
firft  found  our,  A diligent  fearcher 
into  antiquity,  informs  us,  ‘‘  that 
about  the  year  1 1 50,  the  Moors  of 
Spain  firft  introduced  the  art  of  dif- 
tillery  into  the  weft  of  Europe,  they 
having  learned  it.  from  the  African 
Moors,  who  had  it  from  the  Egyp- 
tians; but  how  long  before  the  faid 
African  Moors  had  been  in  pofleffion 
of  this  curious  art,  does  not  clearly 

appear. 
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I :^pear.  Certain  it  is  that  this  art 
1 was  not  known  to  the  ancient  Greeks 
j iand  Romans,  hnce  neither  Pliny, 
rnor  any  other  Latin  or  Greek  author,' 
• makes  mention  of  it.*'.” 

To  me  it  feems  probable  that  the 
:art  of  fublimation  was  known  before 
tthat  of  diftillation.  The  term  alem- 
thic  ox  alambiCy  is  compounded  of  the 
/Arabic  particle  al  (the),  and  the 
I Greek  word  ambix,  a kind  of  cup  or 
(Cover  of  a pot ; it  is  now  ufed  to  de- 
mote the  whole  of  a certain  diftiiling 
lapparatusj  it  formerly  denoted  only 
cone  part  of  it,  namely  the  head,  or 
tthat  part  in  which  the  diflilled.mat- 
iter  was  colleded.  Diofcorides  is 
tthought  by  Suidas,  to  have  been 
tphyfician  to  the  celebrated  Qiieen 

Cleo- 

Anderfon  on  Comm.  Vol.  I.  p.  83. 
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Cleopatra ; he  certainly  knew  the 
manner  of  fubliming  quickfilver 
from  its  ore,  and  he  calls  that  part 
of  the  apparat^is,  in  which  the  fub- 
limed  quickfilver  was  colleded, 
ambix-]-;  the  addition  of  a fpout  or 
beak  to  his  ainbix,  would  have  fur- 
nifhed  him  with  a complete  inftru- 
ment  fordiftilling,  as  well  as  fublim- 
ing. But  no  one  who  confiders  how 
near  the  ancients  were  to  the  difco- 
very  of  printing  without  finding  it 
out,  can  be  furprifed  at  their  know- 
ing fublimation,  and  at  the  fame  time 
being  ignorant  of  diftilla?ion  ; for 
that  Diofcorides  was  ignorant  of  the  ^ 
art  of  diftilling,  may  be  reafonably  ■ 
conjedured,  when  we  confider  the  j 
fad  fhift  he  was  put  to  in  order  to  i 
colled:  an  oil  which  arofe  from  boil- 
ing 

t L.  V.  c,  I lo.  j 
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#ng  pitch:  he  orders  a clean  fleece- 
of  wool  to  be  ftretched  over  the  pot 
in  which  the  pitch  was  boiled,  and 
the  oil  to  be  preflTed  out. of  the  wool, 
as  often  as  it  became  fufficiently  wet 
with  it. 

It  mu  ft  be  owned,  that  this  argu- 
ment is  notintirely  conclufive  againft 
the  opinion  of  thofe  who  think  that 
the  art  of  diftillation  was  known  to 
the  more  ancient  Greeks  and  Ro- 
mans. For  Diofeorides  might  have 
had  his  reafons  for  making  ufe  of  the 
contrivance  here  mentioned,  though 
he  had  been  acquainted  with  diftil- 
lation. It  feems  moft-  natural  to  ex- 
pect fome  account  of  this  procefs  in 
the  writings  of  the  phyficians  Hip- 
pocrates and  Galen,  had  they  been 
acquainted  with  it;  but  there  are  no 
paiTages  in  their  works,  from  which 
E 2 any 
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any  certain  conclu lion  can  be  drawn 
relative  to  their  knowledge  of  this* 
operation.  Geber,  the  Arab,  was 
well  acquainted  with  it,  for  he  has 
given  us  a chapter  on  the  fubjedb,  in 
which  he  lays  down  rules  for  diftil- 
Wwgper  defcenjum,  and  per  ajeenfum., 
but  he  fays  nothing  of  diftillation 
per  retortam.  But  diftillation  was 
known,  to  the  Egyptians  at  lead, 
fome  centuries  before  the  age  of 
Geber:  for  Zofimus  of  Panopolis 
in  Egypt,  who  lived  in  the  fourth 
century  after  Chrift,  if  not  fooner, 
has  exhibited  fome  figures  of  a di- 
ililling  apparatus  f.  of 

f Thefe  figures  may  be  feen  in  Borrichius* 
■•Hermetis  et  ^-gyptiorum  Sapientia,  p.  ^156. 
The  word  C hernia  firfi:  occurs  in  the  works  of 
this  Zofimus.  He  fays,  though  one  may 
wonder' whence  he  got  his  information,  that 
it  was  in  life  before  the  Deluge,  and  that  it 

fignifics 
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OF  DEPHLEGMATION,  CONCENTRA- 
TION, RECTIFICATION. 

The  phlegm  ufually  denotes 
the  moft  watery  parts  of  bodies,  and 
when  thefe  parts  are  feparated,  ei- 
ther wholly,  or  in  a great  degree,  ei- 
ther by  diftillation  or  fublimation, 

the 

lignifies  fomething  concealed.  The  Arabic 
tongue,  according  to  Bochart,  furnilhes  us 
with  the  word  Kemi  lignifying  concealment, 
and  thence  he  derives  Chemia^  rather  than 
from  Cham  the  Hebrew  root.  Egypt  is  called 
by  Plutarch  in  OJiridc^  Chemia,  which  Ortelius 
expounds  for  Chamia,  from  Cham  the  fon  of 
Noah.  As  the  Arabians  do  not  always  copy 
exafUy  the  proper  names  they  borrow  from 
the  Hebrew;  may  it  not  be  conjedlured,  that 
the  Arabic  Kemi^  lignifying  concealment, 
was  introduced  into  that  language,  from  the 
fecret  and  hieroglyphic  manner,  in  which  th<p 
priefts  of  Cham  (Egypt)  concealed  their 
knowledge  of  chemiftry  and  other  arts  ? 

K 3 
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the  bodies,  be  they  folid  or  fluid,  are 
faid  to  be  dephlegmated.  When  the 
watery  parts  of  any  compound  fluid 
are  by  any  means  taken  away,  the 
remaining  parts  approach  nearer  to 
each  other,  and  may  on  that  account 
be  faid  to  be  concentrated ^ though 
the  term  concentration  is  chiefly  ap- 
plied to  the  reparation  of  water  from 
acid  liquors.  It  frequently  happens 
that  the  produdts  obtained  by  one 
operation,  are  not  fufficiently  pure 
and  homogeneous,  and  that  afecond 
or  third  diftillation  or  fublimation 
becomes  neceflary  to  exhibit  them  in 
a proper  form  : this  procefs  of  puri- 
fying the  fame  body,  how  often  fo- 
ever  it  be  repeated,  is  called  rectifi- 
cation. Thus  when  we  hear  of  an 
oil,  or  volatile  fait,  eight  or  ten  times 
re<5lified,  we  are  to  underfland  that 

it 
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I it  has  been  fo  often  rediftilled  or  re-, 

I fublimed.  If  the  impurity,  to  be 
, taken  away,  be  a fimple  phlegm, 
it  is  obvious  that  the  terms  redUfi- 
cation,  concentration,  and  depleg- 
mation,  may  be  fynonymous  j and 
indeed  they  are  often  ufed  promif- 
cuoufly.  Thus  weak  vinous  fpirits, 

I and  weak  vinegars  are  redlified,  con- 
centrated or  dephlegmated  by  froft  j 
for  the  water  contained  in  tliefe 
fiuids  being  frozen  and  taken  a\yay 
I in  the  formof  infipid  ice,  the  remain- 
ing fluids  becoine  ftronger. 

OF  THE  DEGREES  OF  HEAT  eOMMONLY 
USED  IN  CHEMISTRY. 

From  what  has  been  faid  relative 
to  the  fixity  and  volatility  of  bodies, 
it  may  readily  be  conceived,  that  the 
operations  of  diftillation,  and  fubli- 
E 4 ' matioh. 
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mation;  Iby'^hich  the  volatile  parts 
of  bodies  are  collefted,  will  require 
different  degrees  of  heat,  according 
to  the  nature  of  the  body  whofe 
parts  are  to  be  diftilled  orfublimed. 
It  would  be  endlefs  to  enter  into  all 
the  fancies  and  contrivances  of  che- 
mifts  upon  this  fiibjedl:  j yet  there 
are  four  modes  of  applying  hear, 
which,  though  they  are  not  fo  well 
defined  that  the  degree  of  each  can 
be  accurately  afcertained,  ought  to 
be  particularly  noticed, — the  heat 
of  boiling  water ; — a Jand  heat  j — a 
naked  fire  heat ; — aiid  a folar  heat^ 
Water,  highly  redified  fpirits  of 
wine,  and  other  homogeneous  fluids, 
cannot  be  heated  in  open  veffels,  and 
in  a given  flate  of  the  air,  beyond  a cer- 
tain degreepeculiartoeach.  As  foon 
as  they  fully  boil,  no  continuance  or 

in- 
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increafe  of  fire  can  communicate  to 
them  any  increafe  of  heat ; hence  a 
•vefTel,  containing  a body  to  be  di- 
ftiiled,  being  expofed  to  xhe  adtion  of 
boiling  water,  all  the  parts  of  the 
body  which  are  volatile,  with  the 
degree  of  heat  in  which  water  boils, 
will  be  elevated  from  the  body  and 

may 

* This  obfervation  is  not,  probably, 
perfectly  juft. — It  is  a very  remarkable 
phenomenon,  that  a veflel  containing  water 
will  never  boiJ^  how  long  foever  it  be  ex- 
pofed to  the  aftion  of  hailing  water.  Tlie 
reader  may  convince  himfelf  of  this  by 
an  eafy  experiment.  Fill  a common  bot- 
tle with  water,  put  the  bottle  thus  filled 
into  a pan  of  water,  fo  that  the  mouth 
of  the  bottle  may  be  a little  above  the 
water  in  the  pan^;  fet  the  pan  on  the  fire, 
and  when  the  water  in  the  pan  boils  in 
the  moft  violent  manner,  that  in  the  bot- 
tle will  be  obferved  not  to  boil,  and  if 
its  heat  be  examined  by  a thermometer  of 

Fahi'enheit’ff. 
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may  be  collefled  in  proper  veflels, 
>vhiHi:  the  other  parts,  if  the  body 
confifts  of  different  principles,  will 
remain  at  the  bottom  of  the  vefTel. 
This  heat  of  boiling  water  is  one  of 
the  moft  definite  degrees  known  in 
chemiffrys  there  are  many  delicate 
operations,  efpecially  on  vegetables, 
in  which  it  would  be  improper  to  ufe 
fo  great  a heat  as  that  of  boiling  water; 
but  it  is  not  neceflary  to  enlarge 

upon 

Fahrenheit’s  fcale,  it  will  not  be  found  to 

i 

amount  to  above  202  degrees,  whilft  that  of  j 
the  boiling  water  in  the  pan  is  212  degrees. 
Hence  it  fliould  feern,  that  bodies,  dillilled  in 
veflels  expofed  to  the  aftion  of  boiling  water, 
do  not  experience  the  heat  of  boiling  water. 
This  phenomenon  is  mentioned  from  Bar- 
iholin’s  A6ta  Medica,  in  the  Philof.  Tranf. 
for  1673,  No.  97. — See  alfo  Profeflbr  Braun’s 
Exper.  Nov.  Comm.  Petrop.  Tom.  XII.  p* 
289. — andRozicr’s  Journ.  1773. 
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upon  this  obfervation  in  this  place. 
Boiling  mercury,  boiling  lead,  boil- 
ing copper,  would  afford  other  defi- 
nite degrees  of  heat  i and  boiling  oil 
might  be  very  properly  ufed  as  a 
mean  of  diftilling  bodies,  notwith- 
ftanding  that  oil  thickens  in  boiling, 
and  thereby  becomes  hotter  as  the 
more  fubtilc  parts  are  difperfed. 

There  are  many  bodies,  and  parts 
of  bodies,  which  cannot  be  rendered 
volatile  by  the  heat  of  boiling  water; 
thefe  are  ufually  diftilled  by  immerf- 
ing  the  veffel  containing  them  in 
fand,  and  applying  the  fire  fo  as  to 
heat  the  fand;  for  the  fand  gradually 
communicates  its  heat  to  the  veffel 
which  it  touches : the  fand  is  gene- 
rally put  into  an  iron  pot;  it  is  evi- 
dent that  the  fire  which  is  employ- 
ed to  heat  the  pot,  may  communi- 
cate 
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cate  any  degree  of  heat  to  the  fand>. 
from  the  fmalleft,  to  that  which  is 
fufficient  to  melt  the  iron,  fo  that  it 
would  no  longer  hold  the  fand. — . ■ 
When  the  heat  is  communicated  to  ! 
the  veflel,  containing  the  body  to  be  | 
diftillcd,  through  any  medium,  as  [ 
that  of  boiling  water,  or  hot  fand,  j' 
the  body  is  faid  to  be  diftilled  in  a 
water  bath,  or  fand  bath,  the  che- 
mifts  havin?  agreed  to  call  the  me- 
dium,  ferving  for  the  communica- 
tion of  heat  to  the  diftilling  or  fub- 
liming  veffel,  a bath  j and  formerly 
befides  water  and  fand,  they  ufed 
vapour,  iron  filings,  woodafhes,  &c. 
for  this  purpofe. 

' When  neither  the  heat  of  boiling  I 
water,  nor  of  ignited  fand,  is  fuf-  i 
ficient  to  feparate  the  volatile  parts 
of  a body  from  the  rernainder ; the 

vef- 
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'•vefTel  containing  the  body  is  ex- 
pofed  to  a naked  fire,;  that  is,  it  is 
furrounded  with  burning  fuel,  and 
by  a contrivance  in  the  ftrudlure  of 
the  furnace,  the  flame  of  the  fuel  is 
often  made  to  reverberate  upon  it. 
This  degree  of  heat  is  alfo  indefinite ; 
it  may  be  augmented,  by  bellows  and 
other  means,  to  fiich  a pitch  as  to 
melt  the  furnace  -coirtaining  the  fuel, 
or  the  veflel  containing  the  body  to 
be  diftilled.  The  degree  of  heat 
which  mav  be  excited  in  furnaces  is 
undoubtedly  very  great,  yet  it  is  far  . 
inferior  to  that  of  the  fun’s  rays 
when  collefled  into  a focus  by  a 
burning  glafs  or  fpeculum : the  force 
of  this  folar  heat  cannot,  perhaps, 
be  fubjeft  to  any  other  limit,  except 
what  arifes  from  the  difficulty  of 
forming  large  fpeculums. 
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OF  SOLUTION,  SATURATION,  AND 

CRYSTALLIZATION. 

« 

When  the  parts  of  a folid  body, 
as  common  fait  or  fugar,  are  fo 
united  to  a fluid,  as  water,  that  they 
compofe  with  it  an  apparently  ho- 
mogeneous fluid,  remain  fuTpended 
in  it,  and  do  not  deftroy  its  tranfpa- 
rency,  the  folid  body  is  faid  to  be 
j^i£olved  in  the  fluid,  the  operation  is 
called Jolution  \ the  fluid,  being  look- 
ed upon  as  the  principal  agent  in 
diflblving  the  body  (though  all  ac- 
tion is  mutual  and  equal),  is  called 
the Jolvent,  or  more  commonly,  ac- 
cording to  fome  filly  or  indelicate 
ideas  of  the  alchemifls,  the  menjiru- 
um',  the  compound  refulting  front 
the  union  of  the  fluid  and  the  body, 
is  called  a Jolution  of  this  or  that 
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body,  in  this  or  *that  menftruum. 
Thus  we  fpeak  of  a folution  of 
common  fait  or  fogar  in  water,  of 
a folution  of  fulphur  in  oil  of  tur- 
pentine, of  camphor  in  fpirits  of 
wine,  of  filver  in  aqua  fortis,  and 
fo  on.  The  term  folution  is  alfo 
fometimes  applied  to  the  union  of 
two  fluids',  thus  the  air  is  faid  to  be 
diffolved  in  water,  becaufe  ail  na- 
tural water  contains  air  ; and  watery 
is  faid  to  be  diffolved  in  air,  becaufe 
the  moft  tranfparent  air  contains  a 
confiderable  portion  of  water : thus 
alfo  various  forts  of  oils  are  faid  to 
be  diffolved  in  fpirits  of  wine.  And 
laftly,  folution  is  applied  to  the 
union  of  two  folid  bodies : thus 
glafs  is  a compounded  body  refult- 
ing  from  the  mutual  folutron  of  an 
earth  and  a falc. 


It 
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It  may  be  wortfi  while  to  explain,  a 
little  more  fully,  the  firfl:  and  moft 
obvious  notion  offolutionj  that  in 
which  a folid  body  is  united  to  a fluid. 
If  you  take  an  ounce  of'common  fait, 
and  throw  it  into  a quart  of  water,  it 
will  fall  to  the  bottom  of  the  water, 

• as  an  ounce  of  fand  or  chalk  would 
do  j "but  it  will  not,  like  them,  ftay 
therci  in  a very  little  time,  efpeci- 
ally  if  the  water  be  ftirred,  the  fait 
will  intirely  difappear,  it  will  be  uni- 
formly difpcrfed  through  the  whole 
body  of  the  water,  no  one  drop  of 
water  will  contain  more  particles  <of 
fait  than  another,  nor  will  any  of 
them  contain  fo  much  fait  as  it  is 
able  to  do.  For  if  you  add  another 
ounce  of  fait,  that  will  alfo  be  dif- 
folved,  but  not  quite  fo  fpeedily  as 
the  firili  and  that  will  alfo  be  uni- 
formly 


formly  diffufed  through  the  whole 
Ibody  of  the  water,  fo  that  each  drop 
f water  will  now  contain  twice  as 
nch  fait  as  it  did  before.  This  pow- 
er which  the  water  has  of  talcing  up 
ind  keeping  fufpended  the  particles 
of  fair,  is  not  unlimited ; you  may 
idd  fo  much  fait  to  it,  that  it  will  not 
diffolve  one  particle  more,  the  wa- 
^er  in  that  ftace  is  properly  enough 
faid  to  be  Jaturated,  All  other  men- 
.Iruums  are  likewife  faid  to  be  fatu- 
.ated,  when  they  will  not  take  up  and 
•:eep  fufpended  any  more  of  the  bo- 
\y  dilTolved  in  them  : thus  a pint  of 
)irits  of  wine  will  only  take  up  a 
tefinite  portion  of  camphor  ; a pint 
tf  oil  of  turpentine  will  only  keep 
ilTolvcd  a definite  portion  of  ful- 
hurj  and  a pint  of  aqua  fortis  will 
e fofaturated  with  a definite  portion 
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of  filver,  that  it  will  have  no  fort 
of  aftlon  upon  any  additional  quan- 
tity which  fhall  be  put  into  it. 

'We  do  not  know  either  the  fize 
or  the  lhape  of  the  particles  of  wa- 
ter, nor  whether  they  are  contiguousa 
to  each  other,  nor  how  they  come  to* 
attrad  the  particles  of  fait  mor 
flrongly  than  they  attrad  cac 
other ; but  it  is,  notwithftanding,  tot, 
this  prevalent  attra£iion,  that  we  at-* 
'tribute  the'folution  of  the  fait  in  wa4 
ter,  and  of  every  other  body  in  it$ 
proper  menftruum.  We  are  certai 
that  every  particle  of  water  attradi 
to  itfelf  and  keeps  fufpended  a par| 
tide  of  fait,  of  a definite  weight 
otherwife  an  equal  number  of  the 
particles,  conftituting  drops  or  par 
tides  of  equal  bulks,  would  not  hav 
equal  weights,  nor  contain  eq 
3 qua 
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quantities  of  fait,  which  we  are  cer- 
tain they  do.  Now  if  we  fuppofe  a 
iTingle  particle  of  water  to  be  evapo- 
rrated,  or  any  how  taken  away  from 
aa  faturated  folution  of  fait,  then  the 
^particle  of  fait  which  was  kept  fuf- 
oended  by  the  attraction  of  that  par- 
icle  of  water,  muft  of  neceflity  have 
u tendency  to  fall  down  to  the  bot- 
tom; becaufe  every  other  particle  of 
water,  being  fuppofed  to  have  as 
nuch  fait  united  to  it  as  it  is  able  to 
[Luftain,  can  contribute  nothing  to  its 
jpport  j and  if  inftead  of  one  parti- 
lle  of  water  we  fuppofe  a thoufand, 
rr  ten  hundred  thoufand  to  be  cva- 
[corated,  then  will  a thoufand,  or  ten 
lundred  thoufand  particles  of  fait 
e left  without  any  fubftance  to  fup- 
ort  them ; and  having  no  furround- 
jg  fluid  to  hinder  their  mutual  at- 
r 2 tractions 
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"tra<5Hons  from  taking  place,  they 
'will  coalefce  together  upon  the  fur- 
face  of  the  folution  from  which  the  i 
water  has  been  evaporated,  and  by ; 
their  union  conftitute  a faline  pelli-, 
cle,  which  will  be  vifible  to  the  na- 
ked eye.  This  pellicle,  as  foon  as 
it  becomes 'heavy  enough  to  over- 
come the  tenacity  of  the  fluid  upon-j  . 
which  it  floats,  will  by  its  gravity  1 1 
defcend  from  the  furface  where  it,  , 
was  formed,  to  the  bottom  of  thei  fe 
veflfcl  containing  the  folution;  or,| 
meeting  with  afperities  on  the  fldes,| 
'it  may  attach  itfelf  in  part  to  them.j 
But  the  taking  away  a part  of  thr 
diflTolving  fluid  is  not  the  only  mear 
by  which  the  particles  of  the  dif 
folved  body  may  be  made  to  unite 
there  is  another,  and  in  many  in 
flanees,  full  as  efficacious  a one,  th 

cakin 
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•faking  away  a part  not  of  the  fub- 
.lance,  but  of  the  heat  of  thediflblv-- 
rng  fluid.  Thus  if  you  '.put  into  a 
:}uart  of  boiling  water  as  much  falt- 
•jetre  as  it  will  dilTolve,  and  filling  a- 
'jottle  with  the  boiling  folution,  in-* 
L’.antly  cork  it  up  j then  you  are  fure- 
hhat  no  part  of  the  water  can  efcapej- 
rnd  if  the  diminution  of  the  quan- 
r'ty  of  a menftruum  was  the  only* 
i/ay  by  which  the  parts  of  the  dif-. 
plved  body  could  be  made  to  unitCj, 
r.ien  would  the  particles  of  the  dif- 
')lved  fait  petre,  in  this  infliance,  not  ' 
mite  at  all,  fince  there  can  be  no  di- : 
• linution  of  the  quantity  of  the  dif-  ' 
i.)lving  water : you  will,  however, , 
m the  contrary,  obferve  the  parti- 
4es  of  the  fait  coalefcing  together, 

J the  folution  grows  cold,  and 
arming  large  and  regular  cryftals. . 

F.  3 — The 
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—The  word  cryftal  is  derived  from 
the  Greek  words  cry  os  j froft,  and 
Jidlujj  to  contract.  The  ancients  fup-v 
pofcd  a particular  mineral  known 
by  the  name  of  rock  cryftal^  to  be 
nothing  but  congealed  water ; this 
mineral  is  of  a determined  angular 
figure,  and  hence  all  falts  and  other 
fubftances  which  from  being  dif- 
folved  in  menftruums,  or  fufed  in 
fire,  concrete  into  regular  figures, 
are.  faid  to  be  cryfiallized. 

There  are  a great  many  circum- 
flanccs  relative  to  the  manner  in 
which  different  falts  cryflallize, 
which  cannot  be  infifted  on  in  this 
place ; one  thing  deferves  particu- 
larly to  be  remarked, — that  every 
fait  in  cryfiallizing,  invariably  af- 
fumes  its  own  peculiar  form.  You 
may  diffolve  common  fair,  or  falt- 

petre. 
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oetre,  a thoufand  timcs^  and  cryftal-- 
lize  them  as  often  by  evaporating  or 
:ooling  the  water  in  which  they  are 
diflblved,  yet  will  you  flill  find  the 
j;:ommon  fait  will  be  conflantly  cry- 
fallized  in  the  form  of  a cube,  and 
he  faltpetre  in  the  form  of  a prifm  ; 
und  if  you  examine  with  a micro- 
cope fuch  faline  particles  as  are  not 
^ dfible  to  the  naked  eye,  you  will  ob- 
erve  thefe  particles  to  be  of  the 
.ame  fhape  with  the  larger  mafles.- 
irhe  definite  figure  appropriate-  to 
csvery  particular  fpecies  of  fait,  may 
Jidmit  a little  variety  from  the  acci- 
cdental  admixture  of  other  bodies,  or 
from  fome  fingular  circumftances  at* 
Intending  the  evaporation  and  cryflal- 
ilization  of  the  folution  ; but  ihefe 
‘Varieties  are  foreign  to  the  nature  of- 
-the  fair,  and  are  not  greater  than  what 
F 4 attend' 
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attend  almoft  every  fpecies  of  vege- 
tables, and  even  of  animals,  from 
change  of  food  and  climate. 


Here  a large  field  of  inquiry  opens 
to  our  view ; and  though  it  be  bet- 
ter, as  Seneca  has  it,  de  re  tpfa  qu<e- 
rere  quam  mirari j yet  all  our  attempts 
to  inveftigate  the  works  of  God,  are 
weak  and  inefFeftual  : we  feel  his  in- 
terference every  where,  but  we  can- 
not apprehend  the  nature  of  his 
agency  any  where.  A blade  of  grafs 
cannot  fpring  up,  a drop  of  rain  can- 
not fall,  a ray  of  light  cannot  be 
emitted  from  the  fun,  nor  a particle 
of  fait  be  united,  with  a never  fail- 
ing fymmetry,  to  its  fellow,  without 
him  : every  fecondary  caufe  we  dif- 
cover,  is  but  a new  proof  of  the  ne- 
ceflity  we  arc  under  of  ultimately 
recurring  to  him,  as  the  one  primary 
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caufe  of  every  thing.  Yet  notwith-- 
ftanding  this  our  utter  inability  to 
fearch  far  into  the  nature  of  things,, 
philofophical  inquiries  are  by  no 
means  without  their  ufe.  He  who 
finds  his  endeavours  to  comprehend 
the  works  of  creation  checked  at 
every  turn  ; who  underftands  that 
every  the  minuteft  part  of  this  little 
earth,  which  is  itfelf  nothing,  as  it 
were,  when  compared  with  the  infi- 
nity of  the  divine  works,  is  to  him 
one  great  miracle  ; will  not  be  over- 
zealous  in  affirming  that  God  can- 
not interfere  by  Ki^providencej  in  the 
management  of  what  he  hath  made, 
or  that  he  has  interfered  in  this  or 
that  particular  way.  In  the  confei- 
ous  abafement  of  his  own  intelletff, 
which  philofophy  will  have  taught 
him,  he  will  be  cured  of  all  attach- 
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ment  to  fyflem,  whether  it  be  a fyf-  | 

tern  of  bigotry  or  infidelity  ; he  will  | 

not  be  fond  of  anathematizing  every  ■ j 
one  who  cannot  think  with  him  in 
religious  matters  ; nor  on  the  other 
hand  will  he  contend  that  a revela-  ! 
tion  from  God  muft  be  an  impofll- 
bility,  from  any  abftracfi:  notions  he  ; 
may  have  framed  of  the  nature  and  I 
works  of  the  Supreme  Being.  But  I 
to  return  to  our  fubjedt. 

If  what  has  been  faid  relative  to 
cryftallization,  be  not  perfedlly  in- 
telligible to  the  reader,  I would  ad- 
vife  him  to  make  the  followine  eafv 
experiment,  which  will  give  him  a 
better  notion  of  the  matter  than  a 
thoufand  words.  Into  a bafon  full 
of  boiling  water,  put  as  much  falt- 
petre  as  the  water  will  take  up;  if  ' ' 
the  laltpetre  was  purified,  the  tranf-  - 
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parency  of  the  water  will  not  be  in- 
jured, it  will  Hill  appear  to  be  an' 
homogeneous  fluid  : when  the  water 
will  take  up  no  more  faltpetre,  then 
he  may  conclude  that  it  is  faturated : 
let  it  Hand  without  being  fhirred, 
till  it  grows  cold.  As  it  cools,  a great 
many  cryftals,  all  of  the  fame  fliape, 
may  be  feen  fliooting  out  from  the 
fides  and'bottom  of  the  bafon,  and 
increafing  in  fize  till  the  folution  be- 
comes quite  cold.  When  no  more 
cryflals  can  be  formed  by  that  de- 
gree of  cold  which  prevails  in  the 
apartment  where  the  experiment  is 
made,  pour  the  liquor  from  the  folid 
cryflals  j this  liquor  is  flill  faturated 
with  faltpetre,  j and  in  order  to  make 
it  part  with  more  of  its  faltpetre, 
fome  of  the  water  which  keeps  it  dif- 
folvcd  mufl  be  evaporated  ; upon  the 

taking 
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taking  away  apart  of  the  water,  a- 
correfpondent  part  of  the  faltpetrc 
lofes  the  power  by  which  it  is  fuf- 
pended,  and  ought,  upon  that  pre- 
fumption,  inftantly  to  fall  to  the  bot- 
tom : yet  it  muft  be  remembered, 
that  the  water,  from  its  inereafed  heat 
during  the  evaporation,  is  able  to^ 
fupport  more  faltpetre  than  if  it  was 
cold  i and  therefore  the  faltpetre  will 
not  begin  to  cryllallize,  notwith- 
ftanding  the  lofs  of  part  of  its  men— 
ftruum,  till  the  remainder  begins  to- 
cool.  By  repetition  of  this  pro— 
cefs  of  evaporation  and  cryftalliza- 
tion,  we  may  obtain  all  the  faltpetre 
which  was  at  firft  dilfolved,  as  no- 
portion  of  it  can  be  evaporated  with 
that  degree  of  heat  which  is  ufed  , 
in  evaporating  the  water. 
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OF  MIXTURE  AND  FILTRATION. 

There  is  a difference  between  Jolu^ 
tion  and  mixture  fufficiently  obvious, 
‘though  not  always  attended  to. — 
Thus  water  which  fprings  from 
chalk,  has  often,  when  the  fprings 
are  low,  a milky  caft  arihng,  from 
fome  very  fine  particles  of  chalk 
which  are  mixed  with  it,  but  not  dij- 
Jolved in  it;  for  perfedt folution  is  al- 
ways accompanied  with  tranfparen- 
cy.  Briffol  and  Matlock  waters  are 
very  tranfparent,  though  they  con- 
tain a large  portion  of  earth  j but 
the  earth  is  in  the  ftate  of  a fair, 
and  perfedtly  diflblved  in  them. — 
Turbid  waters,  turbid  folutions  of 
fahs  and  other  liquors  which  con- 
tain, mixed  with  their  fubftance,  any 
heterogeneous  matter,  are  purified 

to 
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'to  a certain  degree  by  filtration',  that 
is,  by  being  made  to  pafs  through 
certain  fubftances,  whofe  pores  are 
large  enough  to  give  a paffage  to  the 
particles  of  water,  and  to  the  parti- 
cles of  any  fait  diflblved  in  water,  but 
not  to  the  earthy  or  oily  foeculences 
which  may  happen  to  be  mixed  with 
-it.  The  fubftances  made  ufe  of  are 
called///(?rJi  they  are  either  fand,  or 
a porous  kind  of  ftone,  thence  called 
a filtering  ftone,  or  flannel,  or  linen, 
.or  leather,  or  brown  paper  into  the 
compofuion  of  which  no  fize  has 
entered  : this  laft  fubftance  is  gene- 
rally ufed  in  fmall  chemical  experi- 
ments ; it  is  made  up  into  a conical 
Torm,  and  placed  in  a funnel,  or  other 
convenient  inflrument  to  fupport  it. 
Filters  are  ferviceable  inftruments, 
not  only  for  the  purifying  of  liquors, 

but 
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'but  for  the  feparating  of  any  kind  of 
fait  from  a mixture  of  fait  and  earth, 
and  enabling  us  to  afcertain  the  pro- 
portion of  fait  and  earth  contained  in 
any  propofed  fpecimen.  An  inftance 
will  illuftrate  my  meaning.  It  is 
commonly  known,  that  wood  allies, 
fern  alhes,  and  the  alhes  of  moll  ve- 
getables, eonfifl:  partly  of  a particular 
kind  of  fait,  partly  of  earth.  Sup- 
pofe  it  was  required  to  determine  the 
proportion  of  fait  and  earth  con- 
tamed  in  any  fpecimen  of  alhes,  the 
procefs  mull  be  conducted  in  the 
following  manner : — Take  a pound 
of  the  alhes,  previoufly  well  dried, 
boil  them  in  a quart  of  water,  pour 
the  water  and  the  alhes  into  a filter, 
the  water  will  pafs  through  the 
filter,  bringing  with  it  the  fait  con- 
tained in  the  alhes  j for  water  dif- 

folves 


( 96  ) 

'folves  ali  kinds  of  fait,  and  no  kind 
of  earth  : the  earth  therefore  of  the 
afhes  will  be  left  in  the  filter : wafh 
the  earth  remaining  in  the  filter,  by 
pouring  upon  it  hot  water,  till  the 
water  in  filtering  through  it  comes 
off  wholly  without  tafle  ; then  eva- 
porate all  the  water  in  which  the 
afhes  were  boiled,  and  with  which 
the  earth  in  the  filter  was  waflied, 
and  when  all  the  water  is  diflipated, 
there  will  be  left  a greyifh  kind  of 
fait,  of  a very  pungent  tafle.  When 
this  fait  has  been  dried  as  much  as 
the  afhes  were,  it  muft  be  weighed 
whilfl  warm  from  the  fire,  and  its 
weight|  noted  ; then  dry  in  the  fame 
manner  the  earth  remaining  in  the 
filter.;  and  the  weight  of  the  earth 
thus  dried,  adde^  to  the  weight  of 
the  fait,  which  haSrbetn  extra<ffed, 
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I will,  when  the  experiment  has  been 
ij  properly  made,  amount  to  the 
I ' weight  of  the  allies  employed  in 
i ; making  it. 

OF  THE  ANALYSIS  OF  BODIES. 

Mod  of  the  bodies  which  we  meet 
with  upon  the  furfacc  of  the  earth  or 
1 below  it,  are  compounded  of  hetero- 
fgeneous  principles  ; thefe  principles 
i mufl,  in  many  indances,  be  feparated 
ffrom  each  other,  before  either  the 
mature  of  the  body  can  be  properly 
lunderdooJ,  or  the  principles  them- 
Ifelves  be  applied  to  any  ufcful  pur- 
ipofe.  Thus  the  juice  mud  be  pref- 
i fed  from  the  earthy  part  of  the  grape, 
tlie  fugar  cane,  and  the  olive,  before 

i ^ 

*we  can  obtain  either  wine,  fugar,  or 
)olive  oil.  7Te  faline  matter  mud 
-be  extra6led  from  the  earthy  part  of 
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the  afhes  mentioned  in  the  lafl:  ex- 
periment, before  it  can  in  many  cafes 
become  ufeful  as  a fait.  Sulphur  or 
arfenick,  or  both,  mufl:  in  many  in- 
Hances  be  feparated  from  the  ores 
of  metallic  fubftances  with  fingular 
care,  before  the  metallic  fubftances 
themfelves  can  become  articles  of 
commerce  j or  even  before  their  ex- 
iftence,  as  conftituent  parts  of  the 
ores,  can  be  made  apparent.  Many 
bodies,  without  any  aflillance  from 
art,  fpontaneoufly  refolve  themfelves 
into  diftind  principles  ; thus  blood, 
by  ftanding,  becomes  feparated  into 
a watery  fluid,  and  a red  flefhy  fub 
fiance  j milk  refolves  itfelf  in  lik 
manner  into  cream,  into  curd,  an 
into  whey.  The  procefs  by  whic 
the  heterogeneous  parts  of  a com 
pound  body  are  feparated  from  eac 
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<^ther,  whether  it  be  ^carried  on  by 
Dature  or  art,  may  be  called  the 
aiialyjisy  TefolutioHy  or  dccoifyi'pojition 
of  the  body. 

It  frequently  happens,  that  the 
parts  feparated  by  one  analyfis,  are 
themfelves  compounded  bodies,  and 
capable  of  being  refol  ved,  by  a furr 
ther  procefs,  into  more  fimple  prin- 
ciples. Juft  as  in  language,  a fen- 
tence  may  be  refolved  into  words, 
words  into  fyllables,  and  fyllables 
into  letters  j lb  in  the  decompofition 
of  natural  bodies,  we  at  laft  arrive  at 
principles  which  do  not  admit  any 
further  refolution  or  change.  Thefe 
fimple,  unchangeable  principles  are 
called  elements  \ and  it  may,  from 
what  has  been  advanced,  be  readily 
apprehended,  that  the  fame  fub- 
ftancc  may  be  efteemed  an  element  by 
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one  man,  which  is  not  fo  efteemed 
by  another,  according  to  the  differ- 
ence of  their  fkiil  exerted  in  the  ana- 
Jyfis  of  bodies. 

OF  CHEMICAL  ELEMENTS. 


Bv  chemical  elements,  which  are 
«•  * 

the  laft  produdls  of  chemical  analy- 
hs,  we  are  to  underftand,  not  very 
minute  indivifible  particles  of  mat- 
ter, but  the  fimple  homogeneal  parts 
of  bodies  which  are  not  capable,  as 
far  as  our  experience  teaches  us,  of 
any  far  ther  refolution  or  divifion,  ex- 
cept in  a mechanical  fenfe,  into  fimi- 
Jar  parts  lefsand  lefs  without  end,  as 
water  into  vapour  more  or  lefs  fub- 
tile  and  attenuated.  Ariftotle  and 
his  followers  efteemed  earthy  airyfircy 
and  water y to  be  elements,  fimple  and 
:uniform  in  their  feveral  kinds,  effen- 

tially 


tially  diftinfV,  and  utterly  Incapable 
of  being  converted  into  one  another, 
yet  eafily  uniting  together,  and  by 
their  different  arrangements,  pro- 
portions, and  mixtures,  compofing 
every  body  in  the  univerfe.  Many 
modern  chemifts  have  adopted  this 
idea  j others  have  increafed  the  num- 
ber of  elements,  by  adding  a faline 
principle  j others  have  contended, 
that  fome  of  thefe  elements,  air  and 
fire, for  inflance,are  themfelves  com- 
pound bodies  j and  others,  laftly,  are 
perfuaded,  that  there  is  only  one 
elementary  homogeneal  matter,  and 
that  all  the  varieties  of  bodies,  as 
well  as  of  what  are  commonly  efteem- 
ed  elements,  ought  to  be  attributed 
to  the  different  magnitudes  and 
figures  of  the  particles  compofing 
them  j and  as  the  component  parts 
c 3 of 
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of  water  ^nd  air,  or  any  other  body, 
arc  by  no  means  fuppofed  to  be  ele- 
mentary particles  of  matter,  but  to- 
be  made  up  of  different  numbers  of 
elementary  particles  arranged  in  dif- 
ferent forms,  it  may  be  thought  pro- 
bable, that  mechanical  caufes  may 
cither  diminifh  or  augment  the  num- 
ber, or  change  the  difpofition  of  the 
-particles,  and  thus  efFeft  the  feveral 
varieties  obfervable  in  nature. 

It  would  be  improper  in  this  place 
to  enlarge  on  a fubjeff,  concerning 
which  both  ancient  arid  modern  phi- 
lofophers  have  been  fo  much  divided 
in  opinion  : Their  great  diverfityof 
fentiment  may  fugged  a fufpicion, 
that  the  full  comprehenfion  of  it  docs 
not  fall  within  the  reach  of  the  hu- 
man underdanding.  The  following 
obfervatidn  may,  perhaps,  tend  a lit- 
tle 
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tie  to  Illuftrate  this  matter.  Let 
us  fuppofe  that  this  terraqueous 
globe  was  not  furrounded  with  any 
air  or  atmofphere,  and  that  by  an 
approach  to  the  fun,  or  an  increafe 
of  the  fubterraneous  fires,  by  fome 
means  or  other  it  fiiould  become 
expofed  to  a heat  four  times  greater 
than  the  medium  heat  of  our 
fummer,  which  we  may  reckon  to 
be  about  6o  degrees  of  Fahrenheit’s 
thermometer ; then  would  an  atmo- 
fphere be  quickly  formed  around  it ; 
all  the  water  upon  its  furface,  mod 
of  the  juices  of  plants  and  animals, 
and  a great  variety  of  mineral  par- 
ticles, would  be  raifed  up  in  vapours 
and  exhalations,  and  whilfl:  the  heat 
continued  would  be  kept  fufpended 
in  an  elaftic  (late,  and  conditute  an 
atmofphere  analogous,  as  it  may  rea- 
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fonably  be  imagined,  to  the  chaotic 
ftate  of  our  prefent  atmofphere,  only 
differing  from  it  in  this;  that  it 
would  require  a greater  degree  or 
heat,  in  order  to  keep  the  particles  ^ 
of  matter  from  coalefcing  into  one  i 
heterogeneous  mafs.  Again,  in  the  ; 
prefent  ftate  of  the  atmofphere,  fup-  ' 
pofe  that  a great  degree  of  cold  i 
fhould  continue  unabated  for  any  , 
length  of  time  ; all  the  water  upon  | 
the  furface  of  the  earth  would  be 
changed  into  a folid  tranfparent 
ftone,  which  might  be  dug  out  of 
its  quarry,  and  employed  in  build- 
ing as  well  as  marble,  or  any  other 
fpecies  of  ftone  ; all  the  particles  of 
air  would  be  brought  clofer  toge- 
ther j fome  of  them  which  were  the 
lead:  claftic,  would  be  re-united : and 
imagining  the  cold  to  be  indefinite- 

ly 
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ly  increafed,  what  reafon  can  there 
be  againfl:  fuppofing  that  the  whole 
atmofphere  would  be  reduced  into  a 
folid  (late,  forming  an  heterogene- 
ous cruft  upon  the  furface  of  the 
earth:  the  thicknefs  of  this  cruft, 
fuppofing  it  to  be  as  denfe  as  mar- 
ble, would  be  about  four  yards  ? It 
will  eafily  be  underftood,  that  wa- 
ter, and  air,  and  earth,  are,  upon  this 
hypothefis,  but  variations  of  the 
fame  element  introduced  by  heat. 

That  the  atmofphere  which  fur- 
rounds  the  earth,  was  originally 
•formed  from  the  chaotic  mafs,  by 
having  the  more  fubtile  parts  of 
which  that  mafs  confifted,  elevated 
and  put  into  an  elaftic  ftate  by 
means  of  heat,  feems  not  altogether 
improbable.  We  find  the  atmo- 
fphere or  firmament  immediately 

fuc- 
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fuceeeding  the  formation  of  light  j 
now,  if  the  efFecB:  of  that  light  was 
heat,  be  the  form  or  matter  of  it 
what  you  pleafe,  then  would  fuch 
particles  of  the  fhapelefs  jumble, 
as  were  capable  of  being  evaporated 
with  that  degree  of  heat,  be  elevated 
in  an  elaftic  date,  and  a divifion  or 
reparation  would  be  made  in  the 
midft  of  the  great  abyfs,  between 
the  waters  which  were  of  a nature 
fubtle  enough  to  be  converted  by 
’that  degree  of  heat  into  an  elaftic 
•fluid,  conftituting  the  firmament  or 
’ atmofphere,  and  the  waters  which 
could  not  be  evaporated  in  that  de- 
gree of  heat,  but  ftill  remained  co- 
vering the  furface  of  the  globe,  be- 
ing not  colledled  into  one  place, 
that  the  dry  land  might  appear,  till 
the  third  day.  This  notion  of  the 


atmo- 
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atmofphere  and  its  formation,  feems 
to  be  conformable  enough  to  New- 
ton’s opinion,  exprelTed  in  his  letter 
to  Mr.  Boyle.  “I  conceive  the  con- 
fufed  mafs  of  vapours,  air,  and  ex- 
halations, which  we  call  the  atmo- 
fphere, to  be  nothing  elfe  but  the 
particles  of  all  forts  of  bodies  of 
which  the  earth  confifts,  feparated 
from  one  another,  and  kept  at  a di- 
ftance  by  the  faid  principle  — a 
principle  of  repulfion. 

* Boyle^s  Life,  prefixed  tathe  fol.  edit,  of 
his  Works,  p.  71. 
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j<OF  SALINE  SUBSTANCES. 

j 

IT  may  be  expected  that  this  dif- 
quifition  fhould  be  commenced 
by  giving  a rigid  definition  of  the 
term  fait,  or  faline  fubftanee.  But 
the  complex  ideas  of  natural  fub- 
ftances  are  not  fubjed  to  very  de- 
finite defcriptions.  Nature,  in  her 
feveral  produdions,  proceeds  by 
imperceptible  gradations,  feldom 
. leaving  any  decifive  marks.,  by  ‘ 
’ which  we  can  invariably  difcrimi- 
nate  them  into  forts.  The  two  moft 
. general  ideas  which  appertain  to  the 
' word  fait,  are  Japdity  and  foluhility 

in 


in  water,  and  feme  add,  want  of  in- 
flammability in  fire.  Every  fub- 
Hance  foluble  in  water,  and  affedl:- 
ing  the  organ  of  tafte  with  a fenfa-  | 
tion  different  from  that  excited  by  ' 
its  weight,  may  be  called  a fait:  I | 
am  fenfible  that  this  defeription  of  j 
a fait  cannot  in  all  cafes  be  clofely  | 
adhered  to,  without  confounding 
things  fufficiently  dUlindt.  Copper 
by  long  maftication  excites  a nau- 
feous  tafle,  and  by  lying  long  in 
water  it  is  in  part  dilTolved  in  it, 
and  yet  we  are  not  accuftomed  to 
clafs  copper  among  faline  fub- 
ftances. 

If  any  one  fhould  wifh  to  extend 
the  meaning  of  the  term  fait,  by  ap- 
plying it  to  all  bodies  which  have 
regular  figures,  from  fome  obfeure 
notion,  that  a faline  principle  is  the 
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tiniverfal  caufe  of  cryftallizatlon, 
then  a variety  of  fpars  and  precious 
ftones,  glafles,  and  metallic  fub- 
ftances,  which  are  neither  fapid  nor 
foluble  in  water,  would  be  rightly 
denominated  falls  j and  water  itfelf, 
when  concreted  into  ice,  would  come 
under  the  fame  appellation.  But 
leaving  this  more  enlarged  fignifi- 
cation  of  the  word  fait,  to  the  con- 
templation of  thofe  who  are  ftudious 
in  the  formation  of  fublime  fyftems 
of  nature  ; and  confining  ourfelves 
to  the  more  obvious  properties  of 
fapidity  and  folubility  in  water  as 
charaflerifiic  of  faline  fubftances ; 
we  may  proceed  to  obferve,  that  all 
falts  may  be  reduced  to  one  or  other 
of  the  three  following  kinds;  they 
are  either, — acid  Jalts — alkaline  falls 
^ — or  neutral  falls* 
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OF  ACIDS. 

. The  term  acid  explains  itfelf  by 
its  ordinary  acceptations  for  though^ 
there  may  be  a great  diverfity  in  the 
taftes  excited  by  different  acid  bo- 
dies, both  with  refpedl  to  intenfenefs 
and  quality,  yet  no  language  has 
furnifhed  diflinft  names  for  this  va- 
riety, Sorrel,  vinegar,  cream  of 
tartar,  lemons,  tamarinds,  and  a 
great  many  other  bodies,  are  all  faid 
to  be  acid  when  tafled  j and  this 
capacity  of  exciting  an  acid  tafte, 
is  one  charafleriflic  of  an  acid  fait. 

All  thofe  bodies,  with  a very  few 
exceptions,  which  have  an  acid  tafte, 
have  alfo  when  fufficiently  puri- 
fied;'the  property  of  changing  the 
blue  colours  of  vegetables,  as  of 
fyrop  of  violets  into  a red  j and 

hence 
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hence  this  quality  is  reckoned  ano- 
ther charaderlftic  of  an  acid  fait. 

The  great  divifion  of  all  terref- 
trlal  fubftances  into  minerals,  vege- 
tables, and  animals,  called  the  three 
kingdoms  of  nature,  has  fuggefted 
to  chemifts  a divifion  of  acids  into 
mineral^  vegetahky  and  animal  acids, 
according  to  the  nature  of  the  fub- 
ject  from  which  they  are  produced. 
The  mineral  acids  may  be  copiouf- 
Jy  feparated,  by  diftillation,  from 
vitriol,  nitre,  and  fea  fait  ',  and  in 
reference  to  thefe  fubftances,  they 
are  ufually  called  the  vitriolic  acid, 
the  nitrous  acid,  and  the  marine  acid, 

' — The  vegetable  acids  are  either 
native,  fuch  as  exift  in  four  fruits 
and  plants ; or  factitious,  fuch  as 
vinegar  and  tartar,  which  are  pro- 
duced by  fermentation.  To  the 
. VOL.  r..  H clafs 
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clafs  alfo  of  facftitious  vegetable 
acids,  may  be  referred  all  the  acids 
feparable  from  vegetable  matter  by 
,diftillation ; thefe  generally  retain-i 
ing  a burnt  fmell,  are  called  m- 
fyrmmatic  acids  : they  have  not  hi- 
therto been  fo  fully  examined  as  to 
be  clafied  into  different  fpeeies. 
Animal  acids  are  fuch  as  may  be 
feparated  from  various  parts  of  ani- 
mals by  diftillation ; or  they  arc  fuch 
as  bees,  ants,  and  fome  other  infe£fs, 
contain  in  proper  veffels  ready  pre- 
pared, and  which  they  ejed  in  flings 
ing. 

OF  ALKALIES. 

The  term  alkali  is  compounded  of 
the  Arabic  particle  al  (the)  and  kali^ 
the  Arabic  name  of  a maritime  plant 
called  by  us  glajjworty  or  marjh  fam^’ 
phire,  GlafTwort  is  diftinguifhed 

by 
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~hy  botanlfts  into  the  greater  or 
fefier  jointed  glaflwort,  fnail-feeded 
glaflworr,  prickJy  glaffwort,  &c.  afl 
of  which  are  called  kaH  j and  from 
the  afhes  of  them  all,  when  tho^ 
roughly  calcined,  there  rriay  be 
waflied  out  a fair,  which  is  called  ah 
alkali,  or  an  alkaline  fait.  If  any 
one  fhould  think  that  the  word  kali 
is  derived  fronrr  an  Hebrew  root  of 
nearly  the  fame  found,  fignifying  to 
burn;  then  he  will  conclude,  that 
alkali  originally  had  reference  not 
to  the  name  of  any  particular  fpe- 
cies  of  plants,  but  to  the  manner  in 
’ which  a fait  might  be  procured 
from  the  afhes  of  burnt  ve.q-etables 
iin  general;  and  that  in  procefs  of 
t time  a certain  kind  of  plants  came 
to  be  called  kali,  from  its  afhe^ 
^abounding  more,  than  thofe  of  any 

H 2 other 
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Other  plant,  with  faltj  foda 

or  foude^  from  being  the  common 
name  for  this  very  fait,  which  is  fe- 
parated  from  kali,  has  become  the 
French  name  for  the  plant  itfelf  *. 

. Kali  is  not  the  only  maritime 
plant  which  yields  an  alkaline  fait. 
On  the  coaft  of  Spain,  about  Ali- 
cant  and  Carthagena,  and,  indeed, 
•in  many  other  countries  bordering 
on  the  Mediterranean,  the  farmers 
fow  their  lands  with  the  feeds  of  dif- 
ferent forts  of  maritime  plants, 
which  they  pluck  up  at  the  proper 
feafon,  dry  in  the  fun  as  we  dry  hay, 
and  burn  to  alhes.  About  Cartha- 
gena 

4 

^ Kali  herbara  in  cinerem  verfam  So^am 
appellat  viilgus.  Baptif.  Porta  Mag.  Nat. 
L.  vi.  C.  I.  He  deferibes  the  method  of 
cxtra6bng  the  fait  out  of  the  allies,  and  fays 
that  out  of  five  pounds  of  the  allies  they  got 
one  of  fait. 
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gcna  they  principally  cultivate  foifr 
forts  of  plants,  barilla ^ gazul  or  alga- 
zuly/ozuy  and  falicorma.  The  barilla 
yields  the  purefl  fixed  alkali  j each 
root  of  this  plant  fend^s  out  a great 
many  flalks  refembling  famphire, 
and  rifing  to  about  the  height  of 
four  inches*  The  ground  is  much 
exhaufted  by  the  crop,  it  lies  fallow 
every  other  year,  and  each  acre  pro- 
duces about  a ton  of  barilla  Whe* 
ther  any  of  our  fait  marfhes  could 
be  advantageoufly  employed  in  this 
kind  of  culture,  may  deferve  the  fe- 
rious  confideration  of  thofe  to  whom 
they  belong ; certain  it  is,  that  plants 
"which  would  yield  this  alkali,  grow 
Tpontaneoufly  upon  feveral  of  them. 
On  the  Orkney  and  Scilly  ifles, 

• and  on  moft  parts  of  the  Britifh, 

H 3 coaft, 

* Swinburne’s  Trav,  through  Spain,  p.  130, 
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coaft,  great  quantities  of  bladder 
fucus,  or  Tea  oak  under  the  name- 
i)f  fea  wrack,  are  annually  burned  in 
order  to  obtain  an  alkaline  fait.  The 
plants  are  qut  from  the  rocks  on 
which  they  grow,  or  gathered  from 
the  beach  on  which  they  are  thrown 
by  the  tide  5 and  being  fufficiently 
dried  by  the  heat  of  the  fun  in  the 
fummer  feafon,  they  are  fet  on  firej 
the  fire-  place  is  a hole  in  the  ground  j 
the  afhes,  to  which  the  plants  are  re- 
duced, are  melted  by  the  violence  of 
the  fire  j the  melted  mafs  is  kept  in 
a ftate  of  fufion  for  three  or  four 
hours,  it  is  then  fuffered  to  cool,  and 
when  it  is  fet,  they  take  it  out  of  the 
hole  in  w'hich  the  plants  were  burn- 
ed, and  the  operation  is  recom- 
menced. The  fblid  mafs  procured 

from 
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from  the  melting  of  the  afhes  of  fea  ^ 
wrack,  is  an  article  of  great  ufe  in 
the  making  of  glafs  and  foap,  and  is 
.known  in  commerce  under  the  name 

* V 

of  kelp,  or  kelp  ajlees.  From  kelp 
allies  may  be  extrafled  a fait,  the 
fame  in  every  refpedl  with  that  which 
may  be  procured  from  the  allies  of 
kali  or  glalTwort.  The  following 
experiment  was  made  in  order  to  af- 
certain  the  quantity  of  faline  matter 
contained  in  Britilh  kelp. 

Thirty  ounces  of  kelp  from  the 
Orknies,  which  had  been  previoufly 
pounded  into  a fine  powder,  and  in 
that  Hate  well  dried  upon  a hot  iron, 
were  boiled  in  various  portions  of 
water,  till  all  the  faline  matter  was 
extracted  from  the  alhes ; the  water 
containing  all  the  faline  matter  of 
the  kelp  was  then  evaporated  with  a 
H 4 gentle 
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gentle  heat,  and  the  fait  which  re- 
mained after  the  water  was  all  eva- 
porated, was  further  dried,  as  the 
kelp  had  been,  upon  a hot  iron.  The 
faline  matter  in  that  dry  ftate  weigh- 
ed 19  ounces.  The  earth  remaining 
after  the  extraction  of  the  faline 
matter  being  carefully  collected  and’ 
thoroughly  dried  upon  a hot  iron,, 
it  weighed  exaClly  in  that  date  1 1 
ounces.  This  experiment  was  re- 
peated with  the  fame  fuccefs. 

There  is  a much  greater  quantity 
of  faline  matter  contained  in  Spanifli 
barilla  than  in  Englifli  kelp,  as  may 
be  inferred  from  the  following  expe- 
riment. Spanifh  barilla,  as  well  as 
Englifli  kelp,  is  mixed  with  feveral 
pieces  of  black  matter;  this  matter 
confifts  of  pieces  of  the  plants  which 
have  been  reduced  to  charcoal,  but 

not 
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not  to  allies,  during  the  combuftion 
of  the  plants.  I pounded  into  a fine 
powder  a quantity  of  barilla ; the 
"powder  had  a greyifh  call  from  the 
charcoal  it  contained  j it  was  dried 
upon  a hot  iron,  and  it  loft  by  that 
operation  one  fourteenth  of  its 
weight.  I took  30  ounces  of  this 
dried  barilla,  and  proceeding  as  in 
the  analyfis  of  kelp  afhes,  I obtain- 
ed 22  ounces  of  faline  matter.  It 
appears  from  hence,  that  there  is 
three  hundred  weight  more  of  faline 
‘matter  in  a ton  and  an  half  of  barilla, 
than  of  kelp  afhes. 

It  is  very  probable,  that  kelp  afhes 
prepared  in  different  countries,  con- 
tain the  earthy  and  faline  parts  in 
proportions  different  from  thofe  here 
afeertained;  yet  it  is  worthy  remark- 
ing, that  the  analyfis  here  given  coin- 
cides. 
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cldes,  as  to  the  earthy  part,  with  the 
experiments  of  one  author,  and  as  to 
the  faline  part,  with  the  experiments 
of  another.  From  28  drachms  of 
kelp  afhes.  Dr.  Home  obtained  10 
drachms  of  earth  j now  the  propor- 
tion of  30  to  II,  is  nearly  the  fame 
with  that  of  28  to  10  *. — M.  Cadet 
obtained  6 pounds  3 ounces  and 
an  half  of  faline  matter  from  10 
pounds  of  kelp  alhes ; if  he  had 
obtained  one  half  ounce  more,  the 
proportion  of  faline  matter  pro- 
cured from  the  kelp  he  examined, 
would  have  been  almoft  exafdy 
the  fame  with  that  procured  from 
the  Orkney  kelp  which  I exa- 
mined f . I was  not  aware  of 

the 

* See  his  rery  ingenious  Effay  on  Bleach- 
ing, p.  151. 

•|  Hifl:.  de  I’Acad.  des  Sciences  a Par, 
Ann.  1767,  p.  488. 
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the  experiments  here  referred  tby 
when  I undertook  to  afcertain  the 
1 refpedlive  quantities  of  earth  and 
i 'faline  matter  contained  in  kelp  afhes, 

I and  for  that  reafon  the  coincidence 
I may  be  the  better  relied  on. 

The  reader  may  wonder,  why,  in 
I fpeaking  of  the  fait  contained  in 
kelp,  I have  called  it  by  the  general 
name,  faline  matter,  in  the  very  place 
where  I was  confidering  it  as  a parti- 
cular kind  of  fait,  as  an  alkali ; this 
was  not  done  without  reafon  y for  not 
only  kelp  afhes,  but  the  afhes  of  kali, 
barilla,  and  moft  maritime  plants, 
befides  an  alkaline  fait,  contain  a por- 
tion of  common  fait,  and  of  fome 
other  kinds  of  fait,  which  it  is  not 
neceffary  here  to  enumerate.  Thefe 
foreign  falts  injure  very  much  the 
purity  of  the  alkali,  for  the  obtain- 
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ing  of  which  the  plants  are  burned  i 
and  the  'Britifh  kelp  afhes  abound 
with  them  fo  much,  that  from  fome 
trials  I have  made  I Ihould  conclude, 
that  the  19  ounces  of  faline  matter, 
which  I had  extradled  from  30  ounces 
of  kelp,  did  not  contain  above  five 
ounces  of  pure  mineral  alkali  free 
from  water.  The  cxpreflion,  free 
from  water,  requires  an  explanation. 

The  19  ounces  then  of  faline  mat- 
ter obtained  from  30  ounces  of  kelp, 
were  diflblved  in  water,  and  from  the 
folution,  when  evaporated  and  cry- 
ftallized,  I obtained  12  ounces  of  al- 
kaline fait  in  very  fine  tranfparent 
cryftals.  Since  all  attraftion  is  mu- 
tual, it  may  readily  be  underftood, 
that  as  the  particles  of  water  attraft 
thofe  of  the  alkaline  fait,  and  retain 
them  in  folution,  lb  the  particles  of 

the 
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the  alkaline  fall  will  attrafl  thofe  of 
the  water,  and  retain  them  in  cry- 
ftallization.  The  water  thus  attradl- 
•^d  by  the  particles  of  a fait  during 
its  cryftallization,  is  ufually  denomi- 
nated the  water  of  cryftalUzaiion, 
This  water  of  cryflallizatlon  ia 
•contained  in  different  quantities  in 
different  falts,  and  it  adheres  to  them 
with  different  degrees  of  force; 
though  it  is  eafiiy  feparated  from 
moft  of  them,  the  moderate  heat  of 
the  atmofphere  being  fufncient  to 
evaporate- it  from  many.  When  this 
water  of  cryftallization  is  evaporated 
from  any  fair,  the  figure  of  the  cry- 
Hals  is  deftroyed;  the  fait  from  being 
•afolid  tranfparent  fubftance  becomes 
an  opake  powder.  But  though  a 
fait,  in  lofing  its  water  of  cryftaliiza- 
tion,  lofes  its  cryffalline  form,  it  does 

not 
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not  thereby  lofe  part  of  its  faliftc 
quality  j for  the  water  which  is  fepa- 
rated  from  it  is  pure  water ; and  the 
'fait,  by  being  rediflblved  in  water 
and  recryftallized,  will  not  only  re- 
gain its  former  figure,  but  the  whok 
of  its  weight. 

This  obfervation  refpe(5l:ing  the 
water  of  cryftallization  is  not  with-^ 
out  its  ufe,  either  in  medicine  or 
trade.  The  fait  known  in  medicine 
under  the  name  of  Glauber’s  fak, 
is  one  of  thofe  which  contains  near 
half  its  weight  of  water,  wholly  un- 
elTential  to  it  as  a fait:  hence  an 
ounce  of  Glauber^s  fait,  in  tranfpa- 
rent  cryftals,  has  not  more  ftrength 
as  a medicine,  than  half  an  ounce  of 
the  fame  fait  when  reduced  to  a 
powder,  by  having  its  water  of  cry- 
ftaliizadon  evaporated.  The  twelve 

ounces 
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ounces  of  alkaline  fait  in  queftlon 
■were  expofed  to  a very  gentle  heat 
(they  would  have  been  naelted  by  a 
Iftrong  one)  till  they  were  reduced 
to  a fine  powder:  this  powder  was 
dried  on  a hot  iron,  and  in  that  ftate 
it  weighed  not  quite  five  ounces  j fo 
' that  twelve  tons  of  alkaline  fait  in 
cryftals,  is  not  worth  more  than  five 
tons  of  the  fame  fait,  when  freed  from 
its  water  of  cryftallization.  Kelp 
afhes  appear,  from  thefe  experi- 
ments, not  to  contain  above  five  tons 
of  the  alkaline  fait  here  fpoken  of  in 
thirty  tons  of  the  afhes. 

I took  the  Z2  ounces  of  faline  mat- 
ter which  I had  procured  from  30 
ounces  of  dried  barilla,  and  diffolving 
them  in  water  obtained  36  ounces  of 
fine  cryftals  of  alkali,  and  about  3 
ounces  of  a fait  which  would  not  cry- 

ftallize. 
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ftallize,  and  which  was  in  part  Tea 
fait.  It  appears  from  this  experi- 
ment,-compared  v/ith  the  preceding, 
that  the  fait  procurable  from  barilla,,, 
contains  a far  greater  proportion  of 
pure  alkali,  than  that  from  kelp 
does;  and  hence  barilla  is  preferable 
to  kelp,  not  only  from  its  containing 
more  faline  matter  in  a definite 
weight,  but  from  that  faline  matter 
being  of  purer  quality.  The  cry- 
Ilalline  fait  thus  obtained,  being  ex- 
pofed  to  the  fire,  was  quickly  melted, 
and  when  all  the  water  which  had  en- 
tered into  the  compofition  of  the  cry- 
Jfials  had  been  evaporated,  the  fait 
weighed  214-  ounces,  half  an  ounce 
having  been  loft  by  the  operation. 

The  alkaline  fait  contained  in  the 
♦ • 

allies  of  maritime  plants,  when  ex- 
pofed  to  the  heat  of  a glafs-houfe 

furnace, 
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furnace,  lofes  considerably  of  its 
■weight,  but  in  moderate  fires  it  lofes 
nothing-;  hence  this  fait  is  called  a 
f.xed  alkali.  A pound  of  common 
fait  contains  about  half  a pound  of 
this  fixed  alkali.  Common  fait  is 
reckoned  a mineral,  there  being  large 
mines  of  it  in  mofl  parts  of  the 
world.  This  fixed  alkali,  which  con- 
ftitutes  near  half  the  weight  of  com- 


mon fait,  and  from  the  decompofi- 
tion  of  which  it  is  mofl  probably 
produced,  is  therefore  often  called 
the  miner alifojfilet  or  marine  fixed  al- 
kali. It  is  entitled  alfo  to  the  name 
of  the  mineral  fixed  alkali,  from  its 
being  met  with  in  fome  mineral  wa- 
ters, and" from  its  being  found  either 
ready  formed  upon  the  firrface  of  the 
earth,  or  dug  out  of  certain  lakes, 
which  are  dried  up  in  the  fummer,  in 
'VOL.  r.  I Egypt, 
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Egypt,  and  oth^r  parts  of  the  Eafl. 

It  is  there  called  natron,  and  is  fup- 
pofed  to  be  the  nitre  fpoken  of  by* 
Solomon,  when  he  compares  the . - 
effedl  which  unfeafonable  mirth  has 
upon  a man  in  afflidtion,  to  the  adlioa 
of  vinegar  upon  nitre  ; * as  viner 
gar  upon  nitre,  fo  is  he  that  fingeth- 
fongs  to  a heavy  heart:” for  vinegar 
has  no  effedt  upon  what  we  call  nitre; 
but  upon  the  alkali  in  queftion  it 
has  a great  effedt,  making  it  rife  up 
in  bubbles  with  much  efferyefcence. 
This  alkali  has  been  met  with  alfo  on 
the  Pic  ofTeneriffe  and  in  Barbary, 
fo  that  it  is  upon  many  accounts  pro- 
perly enough  denominated  the  mine- 
ral fixed  alkali. 

The  afhes  of  moft  other  vegeta- 
bles, as  well  as  thofe  of  maritime 
plants,  yield  a fait  which  has  many 

pro- 
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■properties  in  common  with  the  mi- 
neral fixed  alkali  j but  not  having  all 
the  properties  of  that  fait,  it  has,  for 
the  fake  of  perfpicuity,  been  called 
the  vegetable  fixed  alkali.  Both  the 
mineral  and  the  vegetable  fixed  al- 
kali are  prepared  by  boiling  the 
afhes,  to  extraft  the  fait  from  the 
earth ; the  water  containing  the  fait 
in  folution,  is  then  evaporated  fo  aa 
to  leave  the  fait  dry.  From  this 
manner  of  preparing  them,  thefe  falts 
have  been  often  called  lixivial  falts, 
lix  and  lixivium  both  fignifying  a ley 
made  with  afhes.  The  operation  of 
(evaporating  the  water  is  performed 
lin  large  iron  or  copper  pots  j and 
: from  this  circumftance  thefe  alkaline 
falts,  efpecially  the  vegetable  fixed 
^alkali,  have  come  under  the  name 
of  Jiot-ajh^ 

I 2 


Great 


( )■ 

Great  piles  of  wood  are,  in  many 
countries,  burnt  for  the  exprefs  pur- 
pofe  of  obtaining  pot-afh.  From  the 
following  experiments,  fome  notion 
may  be  formed  of  the  large  quanti- 
ties of  wood  which  mud  be  burned, 
in  order  to  obtain  even  a fmall  por- 
tion of  pot-alh. 

I dcfired  a friend  in  Effex,  who 
liad  plenty  of  dry  oak  billets,  to  af- 
certain  the  quantity  of  aflies  which  a 
certain  weight  of  the  wood  would 
yield.  He  made  the  experiment  with 
every  polTible  precaution,  and  from 
io6  pounds,  avoirdupois  weight, 
of  dry  peeled  oak,  he  obtained  19 
ounces  of  allies.  I treated  thefe  allies 
after  the  fame  manner  in  which  I had 
endeavoured  to  afeertain  the  propor- 
tion of  earth  and  faline  matter  in 
'barilla,  and  kelp  alhesj  and  from  the 

19 
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19  ounces  obtained  rather  more 
than  one  ounce  and  a quarter  of  fit- 
' Jine  matter.  From  feveral  repeti- 
tions of  the  experiment  with  afhes 
of  the  fame  kind  it  may  be  con- 
cluded that  15  ounces  of  thefe  afhes 
contained  14  ounces  of  earth,  not 
foluble  in  watery  and  i ounce  of 
faline  matter : from  this  proportion 
it  may  eafily  be  colledted,  that  above 
1300  tons  of  dry  oak,  and  probably 
above  1800  tons  of  green  oak,  mufl 
be  burned  in  order  to  obtain  one 
ton  of  pot-afli. 

The  makers  of  pot-afh  generally 
buy  the  wood  alhes  by  the  bulhel, 
and  fell  the  pot-afh  by  the  ton  ; but 
as  the  afhes  of  different  woods,  and 
indeed  of  different  parts  of  the  fame 
wood,  probably  contain  very  diffe- 
rentpoFtions  of  faline  matter  j it  can- 
13  ' hot 
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not  be  expefled  that  we  (hould  have 
any  very  uniform  accounts  of  the 
number  of  bufhels  of  allies  requifite 
to  make  a ton  of  pot-alh.  Some 
dealers  in  this  article  arc  of  opinion^, 
that  a ton  of  pot-afh  may  be  pro- 
cured from  400  bufliels  of  afhesj 
others,  from  450  j others,  from  560 
of  the  befl  allies ; and  others,  laftly, 
from  700  bulhels,  at  a medium,  of 
good  and  bad  afhes*.  I find  that  a 
bufliel  of  the  dry  allies  which  are 
fold  by  the  country  people  who  burn 
wood  to  our  foap- makers  in  Cam- 
bridge, weighs  at  a medium  5& 
pounds:  hence,  fuppofing  every  15 
pounds  of  fuch  allies  to  contain  1 
pound  of  faline  matter,  it  will  fol- 
low, that  580  bulliels  of  fuch  alhes 

would 

•Lewis’s  Experiments  on  American  Pot- 
afli,  p.  6, 
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would  eive  i ton  of  faline  matter. 
This  correfpondence  with  the  ac- 
counts given  by  the  pot-alh  makers, 
confirms  the  analyfis  of  the  oak 
afhes  before  mentioned. 

Under  the  diredion  and  patronage 
of  the  Society  for  the  Encourage- 
ment of  Arts,  Manufadures,  and 
Commerce,  large  quantities  of  pot- 
afli  have  been  made  in  America  fince 
the  year  1763  5 and  it  would  be  a 
great  faving  to  the  nation,  if  it 
could  be  made  in  fufficient  quanti- 
ties in  any  part  of  the  dominions 
of  Great  Britain,  fince  we  are  reck- 
oned to  pay  to  Ruflia,  and  other  fo- 
reign ftates,  not  lefs  than  one  hun- 
dred and- fifty  thoufand  pounds  a- 
year  for  pot-afii  We  have  inex* 

hauftible 

f Doflie’s  Mem,  of  Agricul,  Vol.  I.  p.  248, 

I 4 


{ *36  ) 

bau-ftlble  mines  of  rock  fait  in  thls^ 
country,  which  the  proprietors  can 
afford  at  lo  fhillings  a ton.  A ton  of  ’ 
rock  fait,  as  has  been  before  obferv-  ; 
ed  of  common  fait,  contains  about  i 
half  a ton  of  mineral  alkali,  which  j 
is  for  mofl  purpofes  far  preferable 
to  pot-afh.  If  a method  could  be  ' 
contrived  of  extradting  this  alkaline  | 
part  from  rock  falty  it  would  be  a 1 
moft  ferviceable  difcovery.  To 
thofe  who  have  leifure  to  attempt  it,- 
I would  give  the  following  hint — 
"Whether  the  alkaline  part  of  rock 
fait  may  not  be  obtained  by  cal- 
cining it  in  conjundfion  with  char- 
coal in  open  fires?  My  reafonfor  this 
conjedture  is  founded  on  the  fol- 
lowing experiment : Upon  burning 
fea  wrack  to  a black  coal,  and 
flopping  the  procefs  at  that  point, 

1 have 
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I have  obtained  great  plenty  oF 
common  fait,  but  no  mineral  alkali 
from  the  black  allies ; though'  we 
are  certain,,  that  when  the  black 
alhes  are  thoroughly  calcined,  or 
reduced  to  white  alhes,  mineral  al- 
kali may  be  obtained  from  thern^ 
This  makes  it  probable,  that  the 
common  fait  contained  in  the  black 
alhes  of  fea  wrack,  is  decompofed', 
and  changed  into  a mineral  alkalr, 
during  the  burning  of  the  black 
alhes.  There  are  reafons  to  fuppole 
that  the  cinder  of  pit-coal  would 
anfwer  the  purpofe  better  than  char- 
coal. But  to  return. 

Tartar  is  a vegetable  produflion, 
which  forms  itfelf  on  the  fides  of 
caflcs  in  which  new  wine  is  put  j it  is 
of  a folid  confiltency,  and  is  thence 
called  by  the  Germans,  wine-ftone 

(wync-* 


( US  ) 

(wyne-ftein)  : this  fubftance,  wherr  ; 
burned  to  alhes,  yields  a very  pure  i 
vegetable  fixed  alkali,  called  Jalt  ■ 
of  tartar. 

The  reader  is  defired  to  diftinr  ! 

i 

guifli  between  cream\  of  tartar  and  [ 
fait  of  tartar ; they  are  both  falts, 
but  not  of  the  fame  clafs.  Cream 
of  tartar  is  an  acid^  and  is  prepared 
from  tartar  by  dififolving  it  in  water, 
and  cryftallizing  the  folution.  Sale 
of  tartar  is  an  alkalii  and  is  prepared 
from  tartar  by  burning  it,  the  acid- 
being probably  changed  into  an  ai- 
Jcali  by  the  fire. 

Salt  of  tartar^  as  well  as  all  other 
vegetable  fixed  alkalies  when  pure 
(for  when  purified  they  are  all  the 
fame),  attracts  very  ftrongly  the  hu- 
midity of  the  air,  and  thereby  melts 
as  it  were  into  a liquor,  which  from 

its 
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;ks  being  procured  in  this  fingular 
^ivay,  and  from  its  having  alfo  an 
Kincluousappearanccjthough  ithasno 
;Dther  property  of  an  oilj  has  been 
:.:ailed  Oil  of  tartar 'per  deliquhim.  If 
•'70U  fpread  a little  fait  of  tartar,  or 
: ;ven  common  pot-alh  on  a plate,  and 
::xpofe  it  to  the  air  in  a cellar  or 
!Jther  moift  place  for  a few  days,  you 
^vill  fee  the  whole  of  it  almoff  melt- 
ed away  into  a thick  tranfparent  li- 
quor, weighing  near  four  times  as 
much  as  the  weight  of  the  fait  you 
..'xpofed.  The  mineral  fixed  alkali, 
-vxpofed  in.  the  fame  way,  will  not  be 
i:hanged  into  a fluid  j and  this  is  one 
nark  by  which  the  mineral  and  ve- 
i^etable  fixed  alkalies  may  be  diftin- 

| ;uifhed  from  each  other.  Both  of 
hefe  fixed  alkalies  change  the  blue 
colour  of  fyrop  of  violets  into  a green, 

and 
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and  by  this  property  they  are  diflin- 
guifhable  from  acids,  which  give  a 
red  colour,  as  well  as  by  their  tafte, 
which  is  cauftic  and  fiery,  every  way 
very  different  from  a four  tafte.  They 
bubble  up  alfo  or  effervefce  when  ' 
mixed  with  acids,  as  may  be  feen  by 
mixing  lemon-juice  and  fait  of  tar-  ;• 
tar  together.  This  effervefcence  pro-  |i 
eeeds  from  the  difcharge  of  an  elaf-  ;! 
tic  fluid,  called  fixed  aivy  but  it  can-  i 
not  be  faid  to  be  characTeriftic  of  al-  i 
kalies  j fince  chalk,  marble,  lime-  i 

t 

Hone, and  other  earths  and  ftones  not  | 
foluble  in  water,  contain  a large  por-  f 
tion  of  fixed  air,  and,  when  mixed  :| 
with  acids,  effervefce  as  much  asi“i 
fixed  alkalies.  From  this  property,  J 
thefe  earthy  and  ftony  fubftancesi? 
have,  in  many  fyftems  of  mineralo-;' 
gy,  been  called  alkaline  earths  andji 
ftones,  Befides  ^ 
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Befides  the  fixed  alkaline  falts 
cfeparable  from  the  allies  of  mari- 
time plants,  and  other  vegetable 
Tnblfances,  there  is  another  fpecies 
cof  fait  feparable  chiefly  from  ani- 

Irmal  fubftances,  as  from  urine, 
[■horns,  bones,  &c.  by  diftillation. 
“This  fait  effervefees  with  acids,  and 
ogives  a green  colour  to  vegetable 
Iblues,  and  it  is  from  hence  called 
ran  alkali;  but  being  eafily  difli- 
ipated  in  a fmall  degree  of  heat,  it 
i is  called  a volatile  alkali.  By  this 
f great  volatility  it  is  fufficiently  dif- 
'tineuiflied  from  the  two  fixed  al- 
ikalies,  as  well  as  by  the  pungency 
< of  its  fmell ; fixed  alkalies,  when 
j pure,  having  no  fmell. 


OF 


( 142  ) 

OF  NEUTRAL  SALTS, 

Neutral  falts  are  diftinguiflied 
‘both  from  acids  and  alkalies  by 
their  tafte,  which  is  neither  four 
nor  cauftic,  by  their  not  elFervef- 
•cing  with  acids,  by  their  not  pro- 
ducing any  change  in  the  colour  of 
fyrop  of  violets.  Of  this  kind  arc 
■common  fait,  Glauber’s  fait,  falt- 
petre,  and  a great  variety  of  others. 
Any  acid,  when  united  with  any  al- 
kali in  fuch  proportion  that  the 
compound  does  not  poflefs  any  of 
the  charafteriftic  properties  of  ei- 
ther of  its  component  parts,  is  a 
neutral  fait.  The  term  neutral  was 
iirfl:  applied  to  a fait  formed  by  an 
union  of  an  acid  and  an  alkali ; but 
it  has  now  a more  extenfive  fignifi- 
cation,  denoting  the  fait  formed  by 
2 the 
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;he  union  of  an  acid  with  any  alkali, 
;arth,  or  metallic  fubftance.  'The 
ubftance  with  which  the  acid  unites 
:tfelf  in  the  formation  of  a neutral 
fait,  is  often  called  t)\Q  hafis  of  that 
:alt. 

The  following  tables  of  falts  will 
eelp  to  fix  in  the  reader’s  mind  the 
c;eneral  divifion  of  faline  fubftances, 
i fpecially  if  he  will  be  at  the ’trou- 
I'le  to  familiarize  himfelf  to  the 
2ames,  by  procuring  from  his  drug- 
. Ill  fpecimens  of  the  feveral  kinds. 
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A TABLE  OF  SALTS  IN  GENERAL. 
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A Table  of  neutral  Salts,  ^ith  Alkaline  BajTeS. 
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I 

It  may  not  be  improper,  in  thisi  | 
pkcej  to  mention  two  propofitionsi  j 
much  infifted  on  by  chemical  writerst  i 
of  .the  'greateft  eminence,  but  whichr 
appear  to  be  founded  rather  on  pro-*  : 
bable  cpnjeQiure  than  certain  experi-r 
ment.  The  firft  is,  that  the 
die  acid  is  the  only  faline  principles 
in  nature,  all  other  acids,  and  alkalies{\ 
being  nothing  but  combinations  oflj 
this  universal  acid  with  earth,  airjj|' 
oil,  and  water,  in  different  propor-*j( 
tions.  The  fecond  is,  that  the  vi-*j 
triolic  acid  itfelf  is  a compoundlii 
body,  formed  from  an  intimate  unioni^ 
of  earth  and  water*  The  pofTibilityK' 
of  the  truth  of  the  firft  prppofitionjj: 
which  aflerts,  that  one  fubftaned; 
may  be  fo  combined  with  feyera|s^ 
others  as  to  conftitute  a great  varietjj; 
of  different  compounds,  may  be  ilj 

luftratcA 
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luftrated  from  what  we  know  of 
water;  which  is  the  chief  conftitu- 
ent  part  of  bodies  in  appearance 
very  different  from  each  other,  as 
of  blood,  urine,  milk,  wine,  wood, 
coal,  &c»  yet  the  marine  acid  feems 
to  be  as  abundantly  diffufed  over 
1 the  earth  as  the  vitriolic ; and  can- 
not,  I think,  be  faid  to  be  derived 
. from  it.  As  to  the  fecond  propor- 
tion, though  we  fhould  grant  that 
nothing  but  earth  and  water  can  be 
; procured  from  the  analyfis  of  any 
.fait  (which,  confidering  the  lofs 
ifuftained  almoft  in  every  analyfis 
from  the  efcape  of  fbme  elaftic  fluid 
which  cannot  be  condenfed,  cannot 
readily  be  admitted)  ; yet  as  no  one 
could  ever  form  a faline  fubftance 
by  uniting  earth  and  water  together, 
we  may  fairly  doubt  concerning  its 
K 1 truth ; 
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truth  : this  doiibt,  hoSvever,  Is  not  to 
be  underftood  as  a denial.  The  fum 
of  the  matter  is  this  r earth  and  wa- 
ter cannot  be  formed  by  us  into  fa- 
line  fubftances : nature  may  have 
different  modes  of  combining  them, 
fo  as  to  produce  the  effed;  or  na- 
ture mayy  in  producing  the  effect, 
'make  ufe  of  a third  or  a fourth  prin- 
ciple. It  muft  be  left  to  future  ex- 
' perience  to  Amplify  our  knowledge 
concerning  faline  fubftances>  as  well 
as  concerning  thofe  fluids  which  pro- 
■ duce  magnetifm  and  eledlricity,  and 
all  the  various  phenomena  attending 
mineral  exhalations.  • ■ ' ' 
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(.OF  FIRE,  SULPHUR)  AND  PHLOGISTONt 

IRE  is  fo  fubtile  an  agent  in . 
1 B nature,  that  we  can  reafon  lit- 
j ttle  concerning  it,  except  from  ,ex- 
j fperimentj  and  we  are  even  at  a .lofs, 
*^^from  thence  tp  determine,  in.  many 
cafes,  either  its  abfolute  quantity 
or  real  prefence.  If,  with  the  gene- 
rality of  philofophers,  we  affume 
heat  as  its  charafteriftic  property, 
ind  define  fire  to  be  that  which 
'tvarms  or  heats  bodies,  v/e  cannot 
tvoid  feeing  at  once,  the  arnbiguity 
)f  this  criterion  : it  is  as  precarious 
IS  the  perceptions  of  dilferenc  men 

V-  ‘ , VO 
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at  the  fame  time,  or  of  the  fame 
man  at  different  times,  in  fummer 
and  in  winter,  in  a fever  and  in 
health.  The  light  of  the  moon, 
when  collected  into  the  focus  of  a. 
large  burning- glafs,  is  found  to]  be 
about  one  thoufand  times  lefs  denfe 
than  the  direct  rays  of  the  fun : 
hence  it  is,  that  it  excites  no  mo- 
tion in  the  mercury  of  the  molt 
fenfible  thermometer.  But  from  the 
brightnefs  of  the  image  in  the  focus, 
as  well  as  from  the  luminous  ap- 
pearance of  rotten  wood,  putrid  fifli, 
and  other  phofphorefcent  bodies, 
fome  philofophers  have  inferred, 
that  wherever  there  is  light  there  is 
fire:  but  as  the  converfe  of  this  pro- 
pofition  is  not  true,  fmce  fire  often 
exifls  in  large  quantities,  as  in  boil- 
ing fluids,  in  metah  moderately 

heated, 
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I heated,  &c.  without  light;  this  can*, 
not  be  a diftingullhing  mark  of  the 
:prefence  of  fire.  The  dilatation  which 
i'.fire  occafions  In  all  bodies,  whether 
Tolld  or  fluid,  hard  or  fofr, -light  or 
heavy,  may  be  efteemed  the  mod 
[Certain  proof  of  Its  prefence  and. 
iagency.  This  property  ferves  adml- 
rrably  to  mark  Its  degrees  and  mi^ 
itiute  variations  within  certain  II- 
"mlts,  but  not  to  afcertaln  either  its 
iprefence  or  its  quantity  in  extreme 
:cafes,  unlefs  we  know  the  real  mag- 
nitudes of  bodies  totally  deftitute 
:of  it.  However,  admitting  this- 
phenomenon  as  the  mofl;  certain  in* 
[dication  of  the  exiflence  of  fire,  it 

I may  be  accounted  for  in  the  follow- 
ing manner. 

From  the  14th  fe(dion  of  Sir  Ifaac 
^ Newton's  Princifia^  we  learn,  that 

K 4 the 
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the  motions  of  fmall  bodie'sV  when  !| 


attraded  perpendicularly  towards 
any  furface,  according  to  any  law, 
are  fimilar  to  the  motions  of  the 
rays^  of  light,  with  refpefl  to  the: 
fundamental  properties  of  Inflec- 
tion, Refle6tion,  and  Refraction:' 
from  hence  chiefly,  as  well  as  fj-om  ' 
other  arguments,  we  infer,  thatrays^ 
of  light  are  fmall  corpufcles,  emit-- 
ted  from  fhiriing  bodies,  and  moving- 
with  uniform  velocities  in  uniform- 
mediums;  but  with  variable  velo- 
cities in  mediums  of  variable  cen- 
fities.  This  being  admitted,  it  will' 
follow,  that  in  whatever  quantity 
the  rays  of  light -are  made  to  move 
in  a medium  of  an- uniform  denfity, 
they  will  not  agitate  the-  particles,' 
or  produce  any  augmentation  of 
bulk  in  that  medium-.  If  the  atmo- 

fphere 
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fphtre  was  reduced  to  a medium  of 
an  uniform  denfity,  furrounding  the 
earth  every  where  to  the  height  of 
five  miles,  it  would  be  expanded 
in  bulk,  or  warmed  only  at  its  out- 
ward and  inward  furface.  The  fun's 
rays,  by  coming  out  of  a vacuum- 
into  a denfer  medium,  would  be 
attraded  by  the  particles  compofing 
that  medium ; and,  lince  all  attrac- 
tion is  mutual,  they  would  excite  a 
motion,  an  expanfion,  an  heat,  at 
the  outward  furface  where  they  en- 
tered ; from  thence  they  would  pro- 
ceed uniformly,  without  producing 
any  effedb,  till  they  came  to  the  in- 
ward furface  of  the  atmofphere  con- 
tiguous to  the  furface  of  the  earth, 
where  they  would  undergo  another 
acceleration  of  velocity,  and  would 
excite  another  degree  of  motion, 

another 
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another  degree  of  expanfion  or  hear. 
Such  an  atmofphere  would  be  the 
coldeft  in  the  middle,  the  heat  de- 
creafing  from  each  furface.  We  may, 
perhaps,  from  what  has  been  faid, 
conceive,  in  fome  meafure,  how 
bodies  are  expanded,  heated,  and 
volatilized,  by  the  agency  of  the 
particles  of  light.  Thefe  particles 
a6t  upon  the  minute  conftituent 
parts  of  bodies,  not  by  impafl,  but 
at  fome  indefinitely  fmall  diftance; 
they  attradt,  and  are  attracted  ; and 
in  being  reflected,  or  refradted,  they 
excite  a vibratory  motion  in  the 
component  particles.  This  motion 
increafes  the  diftance  between  the 
particles  i an  increafe  of  the  diftance 
between  the  conftituent  parts  of 
any  body,  is  an  augmentation  of 
bulk,  an  expanfion  in  every  dimen-* 

fion. 
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fion, — the  moft  certain  chara6i:erlfl:ic 
I of  fire.  This  expanfion,  which  is 
'the  beginning  of  a difunion  of  the 
yparts  being  increafed  by  the  in- 
t-creafing  magnitude  of  the  vibra- 
ttions  proceeding  from  the  continu- 
fed  agen-cy  of  the  light,  it  may  eafily 
!be  apprehended,  that  the  particles 
^will  at  length  vibrate  beyond  their 
ifphere  of  mutual  attradion,  and 
■ thus  the  texture  of  the  body  will 
be  altered  or  deflroyed : from  folid 
’ it  may  become  fluid,  as  in  melted 
gold;  or  from  being  fluid,  it  may 
be  difperfed  in  vapour,  as  in  boiling 
water. 

According  to  this  theory,  we  muft 
infer,  that  the  conftituent  parts  of 
all  bodies  are  in  perpetual  motion. 
The  temperature  of  the  atmofphere 
is  different  in  different  latitudes,  and 

it 
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It  changes,  almofl;  every  Inftant,  in 
the  fame.  The  temperature  of  bodies’ 
is  ever  proportionable  to  that  of  the 
furrounding  atmofphere,  and  from 
thence  it  rnuft  be  perpetually  vary- 
ing.  The  bulk  of  every  body  is  pro-^ 
portionable  to  its  temperature,  and 
mu  ft  therefore  be  fubjefl  to  a per- 
petual viciflitude.  Now  the  body' 
will  be  in  an  expanded,  in  the'  next' 
inftant,  its  heat  happening  to  be 
diminiflied,  it  will  be  in  a contract- 
ed ftate;  which  variation  of  dimen-' 
fions  cannot  be  effedted  without  a 
perpetual  vibratory  motion  of  its 
conftituent  parts. 

' It  being  eftabliftied  then,  that  the 
rays  of  the  fun,  even  in  their  moft 
condenfed  ftatc,  as  in  the  focus  of  a 
burning  fpeciilum,  do  not  otherwife  ’ 
produce  heat  than  as  they  excite  a- 
‘ motion 
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rmotlon  more  or  lefs  violent  amongft  ‘ 
ttheconftituent  parts  of  bodies  j and 
; the  efFe«5ls' of  culinary  fire,  of  that 
^produced  by  friction,  or  by  "the  im- 
jpaft  of  hard  bodies,  being"  fimilar 
tto  thofe  produced  by  the  aigency  of 
’ the  fun’s  light,  it  may  be  conjtec- 
ttured,  that  they  are  produced  aftdr 
:a  fimilar  manner;  and -that -fire 
I nothing  diftihft' from  the  parts’ Of 
i bodies  put  into  motion  by  various 
(caufes,  as  the  impulfe  of 'light,'  -fric- 
ftion,  percuffion,  putrefadion,  attrac- 
ttion  of  cohefion,-  &c.  and  confe- 
rquently  that  it  may  be  mechanically 
jproduced,  altered,  or  deftroyed  in 
;all- bodies,  with' greater  or  lefs  faci:- 
llity,  according  as  the  parts  of  the 
hbody  are  moire  or  lefs  difpofed:.for 
rmotion. 

' :This  conclufioh  feenns-'tO'  be  eoh- 
' • > . fonant 
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fonant  with  the  principles  of  the  re^ 
ceived  philofophy.  Newton  in  his 
5th  quaere  annexed  to  his  Optics, 
alksi  Do  not'  bodies  and  light  a6l 
mutually  upon  one  another?  that 
is  to  fay,  bodies  upon  light  in  emit- 
ing,  reflefting,  refracting  and  in- 
flefting  it>  light  upon  bodies  for 
heating  them,  and  putting  their  parts 
into  a vibratory  motion,  wherein 
heat  confifts  ? 

There  are  various  other  opinions 
concerning  the  nature  of  fire  and  it.s 
ifiethod  of  aftion,  which  though  dif- 
ferent from  what  has  been  offered, 
are  not  lefs  probable : I will  con- 
‘ tent  myfelf  with  mentioning  twp 
more. 

Boerhaave  thinks  that  fire  is  a 
fluid  of  a nature  peculiar  to  itfelfi 
• that  k was  created  fuch  as  it  is,  and 
■ ,1  • 3 cannot 
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t cannot  be  altered  in  its  nature  or 
•properties,  deftroyed  or  produced; 
that  it  naturally  exiils  in  equal  quan- 
tities in  all  places;  that  it  is  wholly 
imperceptible  to  our  fenfes,  and  only 
difcoverable  by  fuch  effcfts  as  it  pro- 
duces, when  by  various  caufes  it  is 
for  a time  colleclcd  into  a lefs  fpace 
than  what,  from  its  tendency  to  an 
univerfal  and  equable  diffufion,  it 
would  otherwife  occupy.  All  the 
bodies  which  are  fituated  in  the  im- 
menfity  of  fpace,  may,  according  to 
this  opinion,  be  divided  into  fire  ex- 
panding all  other  bodies,  and  into  all 
the  other  bodies  which  are  not  fire, 
but  refifl  its  adtion.  The  matter  of 
this  fire  is  not  fuppofed  to  be  derived 
from  the  fun  in  any  wife ; the  folar 
rays,  whether  direft  or  rcfiedtedjijare 
of  ufe  only  as  they  impel  the  particles 

of 
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'^of  fire  in  parallel  dire6tions : that  pa- 
^rallelifm  being  deftroyed,  by  inter- 
cepting the  folar  rays,  the  fire  iiv- 
tftantly  refumes  its  natural  ftate  of  t 

' uniform  diffufion^'.  Confiflent  with  I 

\ 

this  explication,  which  attributes  : 

. heat. to,  the  matter  of  fire,  when  dri-  ' 

: veii  in  parallel  diredious,  a much  | 

■ - greater  ^ 

^ PolTent  omnia  corpora  locata  in  fpatio 
. iii>menfo  dividi  in  ignem  expandentem  ora-  'i 
‘nia  reliqua  corpora,  et  in  caetera  univerfa 

tbfpora  quae  non  funt  ignis— Ignem  il- 

I lum  femper  efle  iibique  praefentem,  tam  in  ; ! 

^ pleno  corporeo  pleniffimo  quam  in  vacuo  |i 

I jnaniffimo Ignem  hunc  squabiliffime  dif- ; 

• tribui  tamdiu,  quamdiu  non  nafeitur  caufa  | 

, lingularis  in  loco  certo  ignem  hunc  difper- 

.fum  colli^ens Ignem  hunc  non. efle  ail 

fole^  quoad  materiam  ullo  modo — Vim  ignis  | 

- a fefle  determinatam  in  re£las  parallelas  re-  i 
jmanere'in  omni  tempore,  quo  emanatio  Vci ! 
reflexio  durat intercepta  reftitudine  ra- 

diorum a idle,  ignem  in  parallelifmum  ageh- 
■:tium,  illico.  ceflat  ille  parallelifmus^«  atq<te 
■j  j^atim  illo  ipfo  momento  ignis  partes  expan-  t 
duntiir  aequabiliter  quaquaverfum.  — Boerh.  f 
Chem.  Vol.  I. 
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1 1 greater  muft  be  given  It,  when  the 
1 1 quantity' fo  collefted,  is  amafTed  into 
har-focusi  and  yet  the  focus  of  the 
I 'ikrgeft  fpeculum  does  not  heat  the 
! .air,  or  medium  in  which  it  is  formed, 
Ubut  only  bodies  of  denfities  different 
irfrom  that  medium, 
j The  author  of  the  I^tlres.  Phy- 
\ ifiques  is  of  opinion,  that  the  folar 
:rays  are  the  principal  caufe  of  heat; 
:but  that  they  only  heat  llich  bodies 
i£S  do  not  allow  them  a free  paf-, 
ifage  *.  In  this  remark  he- is  agreed 
' With  Newton  but  then  he  differs 
■ totally  from  him,  as  well  as  from 
iBocrh  aave,  concerning  the  nature  of 

the 


* Les  rayons  dii  foleil  n’  echauffent  les  Corps 
entanc  qu-s  les  corps  ne  leur  accordenc  uu 
I iibrc  pafTage  i travers.  l.ctr.  Ph}'f. 

■ "f  Radii  folF?  non  agitant  media  quje  peiina- 

■ nlli  in  icilcxionc  et  refi a<ftione.  Newt. 
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the  ray$  of  the  fun.  He  does  not 
admit  the  emanation  of  any  lumi- 
nous corpufcles  from  the  fun,  or 
other  felf-fhining  fubftances,  but  fup-. 
pofes  all  fpace  to  be  filled  with  an 
sether  of  great  clafticity,  and  fmall 
denfity,  and  that  light  confifts  in  the 
vibrations  of  this  asther,  as  found 
confifts  in  the  vibrations  of  the  airj 
the  particles  of  the  one  medium  ex- 
citing, by  impulfe  upon  the  organ 
of vifion,  the  idea  we  call  light;  the 
particles  of  the  other  medium  ex- 
citing, by  impulfe  on  the  organ  of 
hearing,  the  idea  we  call  found  *. 
But  as  a bell  will  not  of  icfelf  begin 

thofe 

^ La  luir.iere  n’eft  autre  chofe  qu’  une  agi- 
tation ou  ebranlement  cause  dans  les  parti- 

cules  de  1’  ether  qui  fe  trouve  partoUt. 

II  n’y  a done  rien  qui  vienne  aftuellement 
du  foleil  julque  a nous.  Let.  Phy. 
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thofe  vibrations  by  which  the  air  is 
put  in  motion,  npr  continue  with 
equal  intenfity  the  vibrations,  when 
once  excited,  without  the  concur- 
rence of  fome  mechanical  caule;  fo 
neither  will  the  fun  either  begin  or 
continue  his  vibrations,  by  which 
the  fuppofed  asther  is  put  in  motion, 
without  a fimilar  mechanical  agency. 
In  afcending  from  cffefts  to  caufes 
w'e  mull  ever  arrive,  upon  whatever 
hypothefis  we  proceed,  at  fome  firft 
caufe,  w'hich  does  not  admit  an  ex- 
planation from  mechanical  princi- 
ples ; this  is  evidently  the  cafe  in  the 
prcfent  inquiry.  Upon  Newton’s 
fuppofition,  the  caufe  by  which  the 
particles  of  light,  and  the  corpufcles 
conftituting  other  bodies,  are  mutu- 
ally attracted. and  repelled,  is  uncer- 
tain. The  reafoq  of  the  uniform 
L 2 diffufion 
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diffufion  of  fire,  of  its  vibration, 
and  repercuflion,  as  dated  in  Boer- 
haave’s  opinion,  is  equally  inexplica- 
ble; and  in  the  lad  mentioned  hypo- 
thcfis,  we  may  add  to  the  other  diffi- 
culties attending  the  fuppofition  of 
an  univerfal  sether,  the  want  of  a 
fird  mover  to  make  the  fun  vibrate. 
Thefe  are  the  opinions  mod  worthy 
of  notice,  concerning  elementary 
fire;  and  of  thefe  it  may  be  faid,  as 
Cicero  remarked  of  the  oj3inions  of 
philofophers  concerning  the  nature 
of  the  foul  — harum  fen  tent  tar  U7n 
qua  vera ft,  Deus  al'rquis  viderit,  qua 
'verifimillima,  magna  quejtio  eft 

But 

* The  reader  who  is  defirous  of  making  a 
deeper  inquiry  into  this  matter,  may  confult 
a very  ingenious  tra£f,  entitled,  Experiments 
and  Obfervations  on  animal  Heat,  and  the 
Lrflammation  of  combuftible  Bodies,  by  Dr. 

Crawford*; 
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But  befides  this  elementary  fire, 

I which  chemifts  conceive  to  be  every 
i v/here  -uniformly  diffufed,  they  are 
I of  opinion  that  fire  enters,  in  dif- 
i ferent  proportions,  into  the  compo- 
j fition  of  all  vegetables  and  animals, 
and  mofb  minerals;  and  in  that  con- 
denied,  compadled,  fixed  ftate,  it  has 

been 

CiawforJ ; and  Mr.  Scheelc’s  Experiments 
on  Air  and  Fire,  tranflated  from  the  Ger- 
man by  Dr.  Forlfer,  and  illuilrated  with  judi- 
cious notes  by  Mr.  Kii  wan ; and  a late  work 
of  Walleriiis’,  entitled  Meditationes  de  Ori^. 
Mund. 

Alay  not  the  comm.on  degree  of  heat  which 
arifes  from  the  mixture  of  different  quantities 
of  the  fame  fluid  heated  to  different  degrees, 
be  invefligated  by  the  fame  rule,  by  which 
the  common  velocity  of  hard  or  non-elaflic 
bodies  after  their  impadl:  in  the  fame  diredioa 
is  calculated,  putting  the  momevtutn  of  heat 
to  be  equal  to  its  degree  mtiltiplied  into  thp 
quant  it  V of  heated  matter  ? 

L 3 
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been  denominated  the  ^hlogtfiom 
Gf  itfelf,  in  its  natural  (late  of  un- 
combined expanfion,  fire  is  not  ef- 
teemed  capable  of  fnining,  or  burn- 
ing; when  chemically  conjoined 
with  the  other  principles  of  bodies,  it 
is  that  alone  which  conceives  and  con- 
tinues thofe  motions  by  which  bodies^ 
are  made  to  (hine,  to  burn,  to  con- 
fume  away.  All  bodies  are  more  or 
lefs  fufceptible  of  combuftion,  ac- 
cording to  the  quantity  of  this  princi- 
ple which  enters  into  their  compo- 
fition,  or  the  degree  of  force  with 
which  it  adheres  to  them.  In  the  a£l 
of  burning,  and  it  may  very  probably 
be  during  the  fermentation,  and  pu- 
trefadlion,  and  chemical  folutions  of 
various  bodies,  it  recovers  its  fluidi- 
ty, is  expanded  and  difperfed  into 
tliC  air,  or  combined  anew  with  fuch 

fubftances 


V 
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fubftances  as  it  has  an  attraftion  to. 
]Notwithftanding  all  that  perhaps  can 
.be.faid  upon ’the  fubjed:,  I am  fcnfi- 
■ ble  the  reader  will  be  ftill  ready  to 
. afk — is  phlogijion  ? You  do  not 
;furely  expedt:  that  chemiftry  fliould 
be  able  to  prefent  you  with  a hand- 
ful of  phlogifton,  feparated  from  an 
inflammable  body;  you  may  jult  as 
reafonably  demand  a handful  of  mag- 
netifm,  gravity,  or  eledlricity  to  be 
cxtrafled  from  a magnetic,  weighty, 
or  eledlric  body. , There  are  powers 
in  nature  which  cannot  otherwife 
become  the  objects  of  fenfe,  than  by 
the  effedts  they  produce;  and  of  this 
kind  is  phlcgidon.  But  the  follow- 
ing experiments  will  tend  to  render 
this  perplexed  fubjedl  fomewhat 
more  dear. 

If  you  take  a piece  of  fuJphury 
L 4 and 
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and  fet  it  on  fire,  it  will  burn  intire- 
]y  away,  without  leaving  any  afhes, 
or  yielding  any  foot.  During  the 
burning  of  the  fulphur,  a copious 
vapour,  powerfully  aftefting  the  or- 
gans of  fight  and  fmell,  and  the  acx 
tion  of  the  lungs,  is  difperfcd.  Means 
have  been  invented  for  colle6ling 
this  vapour,  and  it  is  found  to  be  a 
very  ftrong  acid.  The  acid  thus 
procured  from  the  burning  of  ful- 
phur, is  incapable  of  being  either 
burned  by  itfelf,  or  of  contributing 
towards  the  fupport  of  fire  in  other 
bodies  : the  fulphur  from  which  it 
was  procured  was  capable  of  both : 
there  is  a reinarkable  difference  then, 
between  the  acid  procured  from  the 
fulphur,  and  the  fulphur  itfelf.  The 
acid  cannot.,  be  the  only  conftituent 
part  of  fulphur;  it  is  evident  that 

fomething 
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fmething  elfe  mu  ft  have  entered  into 
its  compofition,  by  which  it  was  ren- 
dered capable  of  combuftion.  This 
jhnething  is,  from  its  moft  remark- 
able property,  that  of  rendering  a 
body  combuftible,  properly  enough 
denominated  the  food  of  fire,  the 
inflammable  'principle^  the  phlogiflon. 
From  this  analyfis  we  may  con- 
clude, that  the  conftituent  parts  of 
fulphur  are  two;  — an  inflammable 
principle,  which  is  difperfed  in  the 
ad  of  combuftion,  and  an  acid.  The 
proportion  of  thefe  parts  has  been 
afcertained;  and  it  is  found,  that  in 
any  mafs  of  fulphur,  the  weight  of 
the  inflammable  principle  is  to  that 
of  the  acid  in  the  proportion  of  3 to 
50  ^ 

If 

The  experiment  from  which  this  pro- 
portion is  derived,  is  laid  to  have  been  made 

by 
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If  you  burn  charcoal  in  the  open* 
aifj  and  hold  a glafs  over  its  flame, 
you  will  perceive  that  it  burns  with-* 
out  emitting  either  any  watery  va- 
pour or  footy  impurity  \ and  nothing 
will  remain,  from  a large  portion  of 
charcoal,  but  a fmall  portion  of  Vv'hite 
aflies,  which  are  incapable  of  any 
further  combuftion.  The  principle 
efFe(fl:ing  the  combuftion  of  the  char- 
coal, and  difperfed  by  the  aft  of  com- 
buftion, is  the  phlogifton. 

If  you  fet  fpirils  of  wine  on  fire, 
they  will,  if  pure,  burn  intirely 
away : they  differ  from  charcoal  in 

this, 

by  M.  Brandt  with  great  accuracy  about  the 
year  1756.  Spielm.  Chem.  p.  iii.  and  Cheror 
Di£t. — Newmann  from  a fimilar  experiment 
infers,  that  in  16  ounces  of  fulphur,  there  are 
upwards  of  ounces  of  pure  ackl,  and  not 
quite  J of  an  ounce  of  the  inflammable  prin- 
ciple. Newm.  Chem.  p.  i68. 
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ithiSr  that  they  emit  a vapour:  but 
t they  leave  no  refiduum.  You  may  by 
proper  vefTels  colledt  the  vapour  of 
burning  fpirits,  and  you  will  find  it 
< to  be  an  infipid  water,,  incapable  of 
combuftion.  The  principle  effeft- 
ing  the  combuftion  of  the  fpirits  of 
wine,  and  difperfed  by  the  a6l  of 
combuftion,  is  the  phlogifton. 

Some  metallic Juhfiances  burn,  when 
fufficiently  heated,  with  a , flame 
more  bright  than  that  of  fpirits  of 
wine,  or  charcoal  5 others  burn  or 
fmother  away  like  rotten  woodj  and 
moft  of  them,,  when  they  have  been 
kept  in  the  open  air  in  a proper  de- 
gree of  heat,  lofe  their  metallic  ap- 
pearance, and  are  converted  into 
earth.  Thus  red  lead  is  the  earth  pro- 
cured from  the  burning  of  lead  j and 
fulty^  fuch  as  the  poli  fliers  of  glafs  and 

marble 
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marble  ufe,  is  the  earth  procured  i 
from  tin.  The  principle  effedling  the  ! 
combuftion  of  metallic  fubftances, 
and  difperfed  in  the  act  of  combuf- 
tion, is  the  phlogifton. 

The  acid  of  the  Julphur\  the  ajhes 
of  the  charcoal',  the  water  of  the 
fpirits  of  wine  j the  earths  of  metallic 
fuhftances,  are  utterly  incapable  of 
combuftion : their  refpe6tive  dif- 
ferences from  fulphur,  charcoal,  fpi- 
rits  of  wine,  and  metallic  fubftances, 
with  refpedt  not  only  to  inflamma- 
bility, but  to  fmell,  colour,  confift- 
ency,  and  other  properties,  are  at- 
tributed to  the  phlogifton  which  is 
difperfed  during  the  combuftion  of 
each  of  them. 

This  inflammable  principle,  or 
phlogifton,  is  not  one  thing  in  ani- 
mals, another  in  vegetables,  another 
i in 


% 


I 


i 
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in  minerals,  it  is  abfolutely  the  fame 
■in  them  all  j juft  as  water  which  en- 
ters into  the  compofition  of  flefti, 
II wood,  coal,  is  ftill  water,  though  its 
:xiftence  and  homogeneity  be  ren- 
idered  more  doubtful  in  fome  fub- 
iftances  than  in  others.  This  iden- 
tity of  phlogifton  may  be  proved 
from  a variety  of  decifive  experi- 
I ' .ments;  I will  feledl  a few,  which  may 
fRt  the  fame  time  confirm  what  has 
^been  advanced  concerning  the  con- 
iftituent  parts  of  fulphur. 

From  the  analyfis  or  decompofitlon 
of  fulphur  effected  by  burning,  we 
have  concluded,  that  the  conftituent 
parts  of  fulphur  are  two — an  acid 
‘•which  may  be  colle61;ed,  and  an  in- 
^ "iammable  principle  which  is  difperl- 
L-ed.  If  the  reader  has  yet  acquired 
iany  real  tafte  for  chemical  truths, 

I h« 
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'he  will  wifli  to  fee  this  analyfis  coti- 
firmed  by  fynthefis;  that  is,  in  com- 
mon language,  he  will  wifh  to  fee 
fulphur  aftually  made,  by  combining 
its  acid  with  an  infiammable  princi- 
ple. It  feldom  happens  that  che- 
mifts  can  reproduce  the  original  bo- 
dies, though  they  combine  together 
all  the  principles  into  which  they 
have  analyfed  them^  becaufe  not 
only  the  number  and  proportions  of 
the  principles,  but  the  order  alfo  of 
their  arrangement  muft  be  obferved, 
before  that  can  be  effecled : in  tlie 
indance,  however,  before  us,  the  re- 
produftion  of  the  original  fnbftance 
will  be  found  complete. 

As  the  inflammable  principle  can- 
not be  obtained  in  a palpable  form 
feparate  from  all  other  bodies,  the 
only  method  by  which  we  can  at- 
tempt 
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rtempt  to  unite  it  with  the  acid  of 
liulphur,  mult  be  by  prefenting  to 
ithat  acid  forne  fubftance  in  which  it 
:is  contained.  Charcoal  is  fuch  a 
ifubflance,  and  by  diftilling  powder- 
(ed  charcoal  and  the  acid  of  fulphur 
itogether,  we  can  procure  a true  yel- 
ilow  fulphur,  in  no  wife  to  be  diftin- 
jguifhed  from  common  fulphur.  This 
ifulphur  is  formed  from  the  union  of 
I the  acid  with  the  phlogifton  of  the 
I charcoal ; and  the  charcoal  may  by 
;this  means  be  fo  entirely  robbed  of 
;its  phlogifton,  that  it  will  be  reduced 
’ to  alhes,  as  if  it  had  been  burned. 
.Animal  fubftances  reduced  to  the 
: ftate  of  a black  coal,  will,  by  being 
: treated  in  the  fame  way,  yield  ful- 
kphur. 

Spirits  of  wine,  we  havefaid,  con- 
h fjft  of  phlogifton  united  with  water ; 

and 
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and  if  we  diftil  a mixture  of  fpirits  | 
of  wine  and  the  acid  of  fulphur,  we 
ihall  towards  the  end  of  the  opera- 
tion obtain  a pure  fulphur. 

Oil  of  turpentine  is  very  inflam-  - 
mable,  and  confequendy  abounds  • 
with  the  principle  which  has  been  ^ 
denominated  phlogiflon  ; and  from  a 
diftillation  of  acid  of  fulphur  wi'-h  1 
oil  of  turpentine^  a fulphur  may  be 
procured. 

But  one  of  the  fhortefl:  and  mofl 
obvious  ways  of  illuftrating  both  the 
compofition  of  fulphur  and  the  phlo- 
oiflon  of  metallic  fubftances,  is  the  S 
following. — Upon  melted  lead  pour  ; 
the  acid  of  fulphur  j collect  the  va-  1 
pour  which  will  arife,  by  holding  a ; 
very  large  glafs  or  other  veffel  over 
the  melted  lead,  and  you  will,  as  foon  | 
as  the  vapour  is  condenfed,  obferve  j 

feveral  i 
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I ereral  filaments  of  fulphur  fticking 
, .0  the  fides  .of  the  glafs. — When 
} ead  is  in  a ftate  of  flrong  fufion, 
'ts  phlogifton  is  in  a ftate  of  dif- 
j jerfion : the  acid  of  fulphur  inftan- 
j :aneoufly  unites  itfelf  with  this  phlo- 
: ;ifton,  and  forms  fulphur.  It  is  pro- 
Mable,  that  fulphur  might  be  pro- 
lured  by  the  fame  means  from  a 
/ariety  of  other  bodies,  when  in  a 
:cate  of  adlual  combuftion, 

I will  in  this  place,  by  way  of  fur- 
ner  illuftration  of  the  term  phlogif- 
):>n,  add  a word  or  two  concerning 
■.ae  neceffity  of  its  union  with  a 
netallic  earth,  in  order  to  conftitute 
metal. 

Lead,  it  has  been  obftrved,  when 
nelted  in  a ftrong  fire,  burns  away 
' ke  rotten  wood;  all  its  properties 

fs  a metal  are  deftroyed,  and  it  is 
VOL.  I,  M reduced 
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reduced  to  aflies.  If  you  expofe  the 
allies  of  lead  <to  a ftrong  fire,  they 
will  melt ; but  the  melted  fubftance 
will  not  be  a metal^  it  will  be  a 
yellow  or  orange-coloured  glajs.  If 
you  pound  this  glafs,  and  mix  it  with 
charcoal  dull,  or  if  you  mix  the  afhes 
of  the  lead  with  charcoal  dull,  an<| 
expofe  either  mixture  to  a melting 
heat,  you  will  obtain,  not  a glajs^ 
but  a metal j in  weight,  colour,  con- 
filtency,  and  every  other  property 
the  fame  as  lead.  This  operation, 
by  which  a metallic  earth  is  reltored 
to  its  metallic  form,  is  called  Reduc^ 
tion.  The  afhes  of  lead  melted  with- 
out  charcoal  become  glafs ; the  afhes 
of  lead  melted  with  charcoal  become 
a metal  \ the  charcoal  then  muft  have 
communicated  Jomething  to  the  afhes 
of  lead,  by  which  they  are  changed 

from 
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ffrom  a glafs  to  a metal.  Charcoal 
confifts  but  of-  two  things,  of  afhes, 
-.and  of  phlogijion ; the  ajhes  of  char- 
ccoal,  though  united  with  the  afhes 
' I of  lead,  would  only  produce  glafs; 
’it  muft  therefore  be  the  other  confti- 
tuent  part  of  charcoal,  or  phlogifton, 
which  is  communicated  to  the  allies 
of  lead,  and  by  an  union  with  which 
the  allies  are  reftored  to  their  metallic 
[fform.  The  allies  of  lead  can  never 
tbe  reduced  to  their  metallic  form, 
without  their  being  united  with  fome 


rmatter  containing  phlogifton  ; and 
tthey  may  be  reduced  to  their  me- 
ttallic  form,  by  being  united  with 
(tiny  fubftance  containing  phlogifton 
iin  a proper  ftate,  whether  that  fub- 
Iftance  be  derived  from  the  ani- 
I mal,  vegetable,  or  mineral  kingdom 
((for  tallow,  or  iron  filings  may  be 

M 2 fub- 


fubftituted  with  fuccefs  in  the  room 
of  charcoal,  in  the  experiment  of  re- 
ducing the  afhes  of  lead)  ; and  thence 
we  conclude,  not  only  that  phlogif- 
to,n  is  a neceffary  part  of  a metal, 
but  that  phlogifton  has  an  identity 
belonging  to  it,  from  whatever  fub- 
fbance  in  nature  it  be  extra6ted.  And 
this  afTertion  ftill  becomes  more  gene- 
ral, if  we  may  believe  that  metallic 
afhes  have  been  reduced  to  their 
metallic  form,  both  by  the  folar  rays 
and  the  eledrical  fire. 
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ESSAY- 


'.OF  THE  ORIGIN  OF  SUBTERRANEOUS 
FIRES, 


HE  moft  remarkable  changes 


which  have  taken  place  in  the 
I form  and  conftitution  of  the  earth, 
ffince  the  deluge,,  have  probably 
Ibeen  produced  by  fubterraneous  fires; 
tfor  it  is  to  their  agency  that  philofo- 
;phers  afcribe  volcanoes  and  earth- 
quakes ; thofe  tremendous  inftruments 
■ of  nature,  by  which  Ihe  converts 
plains  into  mountains,  the  ocean  into 
. iilands,.  and  dry  land  into  flagnant 
j pools. 
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Dr.  Hooke  formerly  had  main- 
tained, that  all  iflands  had  been  raifed 
out  of  the  fea  by  earthquakes ; and 
modern  philofophcrs  feem  to  admit 
his  hypothefis,  though  not,  perhaps^ 
in  its  utmoft  latitude.  Thus  one  of 
them  is  of  opinion,  that  Iceland^ 
which  is  bigger  than  Ireland,  has 
been  produced  by  volcanoes  in  the 
courfe  of  feveral  centuries  Ano- 
ther, after  giving  an  ingenious  con- 
jedbure  concerning  the  origin  of  all 
the  tropical  low  ijles  in  the  South 
Sea,  affures  us,  that  of  the  higher  ijles 
there  is  hardly  one  of  them  which 
has  not  ftrong  veftiges  of  its  having 
undergone  fome  violent  alteration 
by  a volcano.  Some  of  them  have 
volcanoes  (till  fubfifting  ; others, 

amongib 

* See  Letters  on  Iceland  by  Dr,  Uno  You 
TroiJ,  p.  22Z.  • 
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amongft  which  are  0-^aheitee  and 
Uuaheine^  feem'  to  have  been  ele- 
vated, in  remot-e  ages,  from  the  bot- 
ttom  of  the  fea  by  fubterraneous  fires  '^'. 

When  thefe  fires  were  firft  kin- 
(dled ; by  what  fort  of  fuel  they  are 
Iflill  maintained  ; at  what  depths  be- 
llow the  furface  of  the  earth  they  are 
iplaced ; v/hether  they  have  a mutual 
(Communication  ; of  what  dimenfions 
’.they  confift  j and  how  long  they  may 
(Continue,  are  queftions  which  do  not 
: admit  an  eafy  decifion.  The  fur- 
iface  of  the  earth  is  admirably  fitted 
■for  the  fupport  of  the  exiftence  and 
well-being  of  all  the  animals  which 

M 4 inhabit 

* Oblervation?  made  during  a Vcyag/» 
round  the  World,  by-  Dr.  Forfter,  p.  152  ; 
where  the  reader  will  find,  in  a note,  a learned 
reference  to  the  works  of  a great  many  authors, 
on  the  fubjecl  of  ifles  raifed  out  of  the  fea  by 
the  adion  of  a fubterraneous  fire. 
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inhabit  it.  God  has  given  us  the  abi-.  jt' 
lity  alfo  to  penetrate  a very  little  be-  | |i 
low  this  furface ; and  as  the  reward  i j» 
of  our  induftry,  he  has  placed  with-  ; |j 
in  our  reach  a great  variety  of  ufe-  ; k 
ful  minerals ; but  as  to  the  central  | p 
recelTes  of  the  globe,  we  can  never  ; t 
penetrate  into  them.  A gnat  eflay-^  j 
ing  the  feeble  efforts  of  its  Qender  } \ 
probofcis  againft  the  hide  of  an  ele-  | ( 
phant,  and  attempting  thereby  to  | 

inveftigate  the  internal  formation  of  I 

i| 

the  body  of  that  huge  animal,  is  no  If 
unapt  reprefentation  of  man  attempt- 
ing to  explore  the  internal  ftrufture 
of  the  earth,  by  digging  little  holes 
upon  its  furface. 

But  though  it  will  ever  be  im- 
poflible  for  us  to  fearch  far  into  the 
bowels  of  the  earth,  or  to  imitate, 
in  an  cxtenfive  degree,  the  great  ope- 
' rations 


I 
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irations  which  are  conftantly  carry- 
jjng  on  beneath  its  furface,  yet  it 
: affords  a curious  mmd  no  mean 
(degree  of  fatisfaftion  to  be  able,  by 
I obvious  experiments,  to  form  fome 
jreafonable  conjedlures  concerning 
I them. 

Mr.  Lemery  as  far  as  I have 

• f / 

'been  able  to  learn,‘“was  the  firft  per- 
fon  who  illuflrated,  by  adlual  expe- 
riment, the  origin  of  fubterraneous 
fires.  He  mixed  twenty- five  pounds 
of  pow-dered  Julphur  with  an  equal 
weight  of  iron  filings  \ and  having 
kneaded  the  mixture  together,  by 
means  of  a little  watery  into  the  con- 
fiftence  of  a pafte,  he  put  it  into  an 
iron  pot,  covered  it  with  a cloth, 
and  buried  the  whole  a foot  under 

ground. 


* Cours  de  Chemie,  p.  876.  & Mem,  de 
I’Acad.  des  Scien.  ^ Paris,  An.  1 700. 


ground.  In  about  eight  or  nine  hours 
time  the  earth  fwelled,  grew  warm, 
and  cracked  j hot  fulphureous  va- 
pours were  perceived;  a flame  which 
dilated  the  cracks  was  obferved  ; the 
fuperincumbent  earth  was  covered 
with  a yellow  and  black  powder  : in 
fliort,  a fubterraneous  fire,  producing^ 
a volcano  in  miniature,  was  fponta- 
neoufly  lighted  up  from  the  reciprocal 
aftions  of  fulphur,  iron,  and  water. 

That  part  of  this  experiment 
which  relates  to  the  produftion  of 
fire,  by  the  fermentation  of  iron 
filings  and  fulphur  when  made  into 
a pafte  has  been  frequently  re- 
peated 


* The  words  ferment  fermentation  may 
perhaps  be  improperly  applied  to  the  fponta- 
neous  tranfpofitiou  of  parrs,  which  takes  place 
in  mineral  fuhfanccs  ; but  the  reader  cannot 
fail  to  underfland  what  is  meant  by  them  when 
thus  applied. 
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^ located’  fince  the  time  of  Mr.  Le-* 
p mery.  -I  myfelf  have  made  it  more 
ir  :han  once,  but  I have  nothing  ma- 
[ cerial  to  add  to  his  account,  except 
lhat  the  flame,  when  the  experiment 
53  made  in  the  open  air,  is  of  very 
Ihort  duration  j and  that  the  whole 
inafs,  ‘after  the  extindtion  of  the 
ilame,  continues  at  intervals,  for  a 
(.onger  or  fhorter  time,  according  to 
:ts  quantity,  to  throw  out  fparks ; and 
’hat  a ladle  full  of  the  ignited  mafs, 
ueing  dropped  down  from  a confi- 
flerable  height,  defeends  like  a Ihower 
dF  red-hot  aflies,  much  refembling 
■he  paintings  of  the  eruptions  of 
Mount  Vefuvius,  which  may  be  feen 
lit  the  Britifh  Mufeum.  It  has  been 
LDbferved,  that  large  quantities  of 
the  materials  are  not  requifite  to 
make  the  experiment  fucceed,  pro- 
vided 
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vided  there  be  a due  proportion  off> 
water  : half  a pound  of  fteel  filings,  j| 
half  a pound  of  flour  of  brim- 1 > 
ftone,  and  fourteen  ounces  of  wa-  ^ 
ter,  will,  when  well  mixed,  acquire  * 
heat  enough  to  make  the  mafs  take  || 
fire 

That  heat  and  fire  fhould  be  ge- 
nerated from  the  fpontaneous  a(5bions  \ 
of  minerals  upon  each  other,  is  a 
phasnomenon  by  no  means  fingularj 
in  nature,  how  difficult  foever  it 
may  be  to  account  for  it.  The  heat 
of  putrefcent  dunghills,  of  the  fer- 
menting juices  of  vegetables,  and, 
above  all,  the  fpontaneous  firing  of 
hay  not  properly  dried,  are  obvious 
proofs  that  vegetables  poflTefs  this 
property  as  well  as  minerals.  In 
both  vegetables  and  minerals,  a de- 
finite) 

* Sage  Miner.  Vol.  I.  p.  42, 
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nite  quantity  of  moiilure  is  requi- 
jte  to  enable  them  to  commence 
lat  inteftine  motion  of  their  parts, 
hich  is  Fieceffary  for  the  produc- 
.on  of  fire.  Iron  and  fulphur  would 
•main  mixed  together  for  ages 
iithout  taking  fire,  if  they  were 
tther  kept  perfeftly  free  from 
Moifture,  or  drenched  with  too 
viuch  water  and  vegetables  in  like 
Manner,  which  are  quite  dry,  or 
uceedingly  wet,  are  incapable  of 
’■king  fire  whilft  they  continue  in 
lat  ftate 

But 

* Animal  fubftances,  when  laid-  on  heaps, 
ive  been  obferved  to  take  fire»  “ M.  Mon- 
tt  rapporte  dans  I’hiftoire  de  I’Academie 
• oyale  des  Sciences,  annee  1776,  que  des  pe- 
lues  etoffes  appelles  imperialesy  gardees  en 
SIS,  prirent  feu  d’ elles-memes.  Inftruc. 
ir  1’  ufage  de  la  Houille  par  M.  Venel,  It 
not  improbable  that  filings  of  copper  and 

6 other 
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But  though  it  is  certain  from  the 
experiment,  that  mixtures  of  iron 
and  fulphur,  when  moiftened  with  a 
proper  quantity  of  water,  will  fpon- 
taneoufly  take  fire  j yet  the  origin 
of  fubterraneous  fires  cannot,  with 
any  great  degree  of  probability,  be 
referred  to  the  fame  principle,  un-:^ 
lefs  it  can  be  ihewn  that  nature  has 
combined  together  in  large  quantities 
iron  and  fulphur,  and  diftributed  the 
compofition  through  various  internal 
parts  of  the  earth. 

Now  that  this  is  really  the  cafe,  we 
can  have  no  doubt.  There  is,  per- 
haps, no  mineral  more  commonly 

met 

other  metals,  when  mixed  in  a due  proportion 
with  fulphur  and  water,  would  acquire  a hear, 
and  perhaps  take  fire,  efpecially  if  the  quanti- 
ties were  large ; but  experiments  of  this  kind, 
have  not  hitherto  been  made. 
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TTiet  with,  than  that  which  is  com- 
•pofed  of  iron  and  fulphur.  It  is 
ffound  not  only  upon  the  furface  of 
tthe  earth,  but  at  the  greateft  depths 

Ibelow  it,  to  which  mines  have  been 

* 

Ihitherto  driven ; not  only  in  Eng- 
lland  or  Italy,  Europe  or  Afia,  but 
iin  all  parts  of  the  world.  This  mi- 
ineral  is  called,  in  fome  parts  of 
lEngland,  copper  a s-Jio}ie  j in  others, 
ihrazil  j in  others,  brajs -lumps  ; in 
(Others,  rufi-halls  j in  others,  horje^ 
\gold  j in  others,  marcafite  ^ though 
maturalifts  are  now,  I think,  agreed 
jito  give  that  namfc  to  fuch  mineral 
I 'bodies  as  are  angular  and  cryftal- 
I iized,  efpecially  into  a cubical  form. 
I The  fcientific  name  is  Pyrites, — 
\ fiery  ; a denomination  expreflive 
I enough  of  the  property  which  this 
I mineral 
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mineral  has  of  ftriking  fire  with  fteeh 
and  of  fpontaneoufly  taking  fire,  when 
laid  in  heaps,  and  moiftened  with 
water. 

Sulphur  and  iron  are  the  chief 
conftituent  parts  of  the  pyrites  j arfe- 
nic,  however,  is  fometimes  united 
with  the  iron  inftead  of  fulphur,  and 
fometimes  fulphur  and  arfenic  are' 
both  of  them  combined  with  iron. 
The  pyrites  alfo,  accidentally,  con- 
tains copper,  filver,  and  perhaps, 
gold : hence  the  pyrites  has  been 
diftinguifhed  by  mineralogifts  into 
various  forts,  by  attending,  either  to 
its  internal  conftitution,  as  the  iron, 
the  copper,  the  fulphureous,  the 
arfenical  pyrites  5 or  to  its  external 
figure,  as  the  pyramidal,  the  cubical, 
the  fpherkal,  the  prifraatic  pyrites ; 

or 
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or  to  its  colour,  as  the  grey, 
white,  yellowilli,  yellow,  orange 
pyrites  *. 

Though  the  reader  may  have  never 
contemplated  the  various  fpecies  of 
the  pyrites  in  any  cabinet  of  natural 
hiftory,  or  taken  notice  of  fuch  kinds 
as  are  commonly  to  be  met  with  in 
chalk-pits,  in  beds  of  clay,  or  upon 
the  fea  fhore  in  many  places  of  Eng- 
land, yet  theyellowilh  matter,  often 
adhering  to  or  mixed  with  the  fub- 
fiance  of  pit-coal,  cannot,  furely, 
have  efcaped  his  obfervation  : that 
matter  confifts  of  Jiilphur  and  irony 
and  is  a fpecies  of  the  pyrites.  So 

much 

* Whoever  wiflies  to  become  fully  ac- 
quainted with  the  natural  hiftory  of  the  py- 
rites, may  confult  the  Pyritologia  of  Henckel, 
where  he  will  find  the  origin,  nature,  and 
ufes  of  this  mineral  inveftigatcd  with  the 
greateft  learning  and  ingenuity. 

VOL.  I.  N 
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much  of  this  fort  of  the  pyrites  is 
dug  up  together  with  the  coal,  at 
Whitehaven,  Newcaftle,  and  other 
places,  that  people  are  employed  to 
pick  it  out  from  amongft  the  coal, 
left  it  fhould  vitiate  its  quality,  and 
render  it  lefs  faleable.  The  pieces 
of  the  pyrites  which  are  feparated 
from  the  coal,  are  not  thrown  afide 
as  ufelefs,  but.  laid  in  heaps,  fora 
purpofe  to  be  mentioned  hereafter ; 
and  thefe  heaps,  not  many  years 
ft  nee,  took  firehoih  at  PVhitehaven  and 
in  the  neighbourhood  of  Halifax, 
The  fame  accident  was  obferved 
above  a hundred  years  ago  at  Fuddle 
Wharf  in  London,  where  heaps  of 
coal  which  contained  much  of  this, 
pyrites  took  fire 

Though  Lemery  was  the  firft 

perfon 

Jorden  of  Miner.  Wat  C.  xi.v* 
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j j perfon  who,  by  artificial  mixtures 
(Of  fulphur  and  iron,  produced  fire, 
;yet  that  natural  mixtures  of  thefe 
ifubftances  would  fpcntaneoufly  take 
jfire,  was  known  before  he  made  Iiis^ 
tcxperiment.  Thus,  tO'  omit  what 
is  faid  by  Pliny  and  the  ancients,  we 
rre  told  by  good  authority,  that  one 
iVilfon  at  Ealand  in  Torkjhire,  about 
fie  year  1664  or  before,  had  piled 
jp  in  a barn  many  cart-loads'  of  the 
)yrice‘sy  or  brafs-lumps,  as  they 
vere  called  by  the  colliersyfor  fome 
ecret  purpofes  of  his  own  : the  roof 
if  the  barn  happening  to  be  bad,, 
he  pyrites  Were  wetted  by  the  rain  5 
1 this  ftate  they  began  tO'  fmoke', 
nd  prefently  took  fire,  and  burned 
-ke  red  hot  coals-**- 
We  have  an  account,  in  the  Phi- 


N 2 jolo]: 
* Power’s  Microf.  Obfer.  p.  63, 


lofophical 
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lofophical  Tranfadlions  for  1693  *, 
of  a covetous  mafter  of  a copperas 
■work  at  Whiteftahle  in  Kent^  who, 
in  order  to  break  his  neighbour’s 
work,  had  engrofled  all  the  pyrites 
or  copperas-ftone  in  the  country;  he 
built  a fhed  over  two  or  three  hun- 
dred tons  of  thefe  ftones,  to  keep  off 
the  rain.  In  the  fpace,  however,  of 
fix  or  feven  months,  the  mafs  (being 
probably  wetted  by  the  moifture  of 
the  atmofphere,  or  by  the  rain,  which, 
notwithftanding  the  ihed, might  have 
fallen  upon  it)  took  fire  and  burned 
for  a week ; it  quite  deftroyed  his 
Hied,  and  difappointed  all  his  hopes 
of  profit : for  the  pyrites  was  in  part 
converted  into  a fubftance  like  melt- 
ed metal,  and  in  part  it  looked  like 
red-hot  ftones  : all  the  fulphur  was 

con- 
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confumed,  and  the  neighbourhood 
was  miferably  afflidted  by  the  noxious 
exhalation  which  it  fent  forth. 

In  the  nnonth  of  Auguft  1751,  the 
Cliffs  near  Charm-oiith  in  T>orfetJhire 
took  firOy  in  confequence  of  a heavy 
fall  of  rain  after  a hot  and  dry  fea- 
fon,  and  they  continued  at  intervals 
to  emit  flame  for  feveral  years. — 
Thefe  Cliffs  confifl:  of  a dark-colour- 
ed bituminous  loam^  in  which  are  im- 
bedded large  quantities  of  different 
kinds  of  the  pyrites.  The  fame  kind 
of  flame  hasbeen  frequently  obferved 
in  the  CorniJJj  mines,  and  this  mine- 
ral fire  fomecimes  leads  to  the  dif- 
covery  of  a mine  ; but  wherever  it  is 
found  to  exifl:,  the  iron  pyiites  is 
generally  difeovered  near  it'^\  . 

There 

'*  Pbilof.  Tranf.  Vol.  LII.  p.  iiy,. 
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There  are  fome  forts  of  earth 
from  which  alum  is  made,  which 
abouad  fo  much  with  the  pyrites, 
that  the  proprietors  of  the  works  are 
forced  to  keep  them  conftantly  well 
watered,  in  order  to  prevent  their 
taking  fire  — But  It  would  be  ufe- 
lefs  to  purfue  this  fubje6l  further;  we 
have  adduced  proof  fufficient,  that 
nature  furniflies  materials,  which, 
under  certain  circumftances,  may  be- 
come the  occafion  of  fubterraneous 
fires.  The  requifite  circumftances 
are  a proper  quantity  of  the  mate- 
rials, a proper  portion  of  water  to 
moiften  them,  and  perhaps  a com- 
munication with  the  air  may  be  ne- 
ceflary.  A fmall  quantity  of  the  py- 
rites 

* Waller.  Min.  Vol.  I,,  p.  2^.— -Henckel. 
Pyritol.  p.  312.— Minera.  par  M..  Val.  de 
Bomare,  VoLI.  p.  296*. 


( 199  ) 

rites  is  fufiicient  to  kindl'C  a fire  j 
water  is  almoft  every  where  found 
in  fuch  great  plenty  below  the  fur- 
face  of  the  earth,  that  it  confiitutes 
one  of  the  greateft  impediments  to 
our  finking  pits  to  any  great  depth  j 
and  air,  if  it  fhould  be  thought  ab- 
folutely  necefiary  to  the  fpontaneous 
firing  of  the  pyrites,  may  be  con- 
ceived either  to  accompany  the  wa- 
ter in  its  dripping,  or  to  defcend 
into  the  innermoft  parts  of  the  earth 
through  the  fiffures  which  are  found 
upon  its  furface.  When  a fubterra- 
neous  fire  is  once  kindled,  it  may 
be  fupported  for  ages  by  other  fub- 
ftances,  as  well  as  by  thofe  which 
firft:  gave  rife  to  it : thus,  if  a quan- 
fity  of  the  pyrites  fiiould  take  fire  in 
a ftratnm  of  coal,  or  of  fljakf  or.  of 
any  other  fubftance  ftrongly  im- 
N 4 pregnated 


pregnated  with  bitumen,  the  fire  ; j 
might  continue  till  the  ftratum  was  i 
confumed 

There  are  fuch  a great  number  of 
volcanoes  now  fubfifling  in  every 
quarter  of  the  globe,  and  To  many  ;j 
unequivocal  vefliges  of  others, 

< 

which  in  length  of  time  have  be-  f 
come  extindt,  that  fome  philofo-  | 
phers  think  they  have  rcafon  on  I 
their  fide  in  fuppofing  either,  that  | 
the  earth,  at  fome  confiderable  dif-  ; 

f 

tance  below  its  furface,  is  furround-  j 
ed  with  a ftratum  of  ignited  matter  1 

of  ! 

* There  are  fome  coaleries  on  fire  now  in 
Scotland,  which  were  on  fire  in  the  time  of 
Agricola. — Pennant’s  Totir  in  Scot.  Part  II. 
p.  201.  See  an  account  of  the  coaleries  on 
fire  in  . StafFordfhire,  in  Dr.  Plott’s  Nat. 
Hift.  of  that  County ; and  of  the  fubftances 
fublimed  from  the  burning  coal-pits  at  New- 
caftle  in  Phllof.  Tranf.  for  1676, 


i 
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of  a definite  thicknefs  j or  that  the 
whole  central  part  of  it  is  nothing 
but  a mafs  of  melted  minerals, 
which  every  where  ftruggling  for 
vent,  burfts  forth  where  there  is  the 
leafi:  refifbance,  fliivering  into  rude 
fraghients  the  fuperincumbent  cruft 
of  earth,  and  deluging  with  moun- 
tainous torrents  of  liquid  fire  the 
adjoining  countries. 

We  do  not  know  of  what  kind  of 
materials  the  inv/ard  part  of  the 
earth  is  compofed ; the  water,  coal, 
earths,  ftones,  metals  met  with  upon 
its  furface,  have,  bulk  for  bulk, 
very  different  weights  ; and  a fimi- 
lar  inequality  of  fimilar  materials 
may  take  place  at  all  depths  below 
the  furface.  It  has  been  gathered, 
however,  from  very  ingenious  ob- 
fervations  and  calculations,  upon  the 

at- 
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attra£lion  of  the  hill  Schehalleln  In 
Scotland,  that  the  mean  denfity  of 
the  whole  earth  is  about  four  times 
and  a half  the  denhty  of  water, 
the  mean  denfity  of  Hones,  fup- 
pofe  Portland  Hone,  being  two  times 
and  a half  the  denfity  of  water  - 
Hence  if  this  globe  of  earth  could  s 
be  weighed  in  a fcale,  it  would  re- 
quire two  equal  globes  and  a half  of  ■ 
Portland  Hone,  or  four  equal  globes^ 
and  a half  of  water  to  balance  it. 
The  whole  earth  being  fo  much  : 
heavier,  bulk  for  bulk,  than  the  r 
general  matter  near  its  furface,  it  V. 
, has  been  conjedtured,  that  there 
muft  be  fomewhere  within  the  earth, 
towards  the  more  central  parts>  V 
•great  quantities  of  metals,  or  fuch  ' 
like  denfe  matter,  to  counterbalance 

the 

* Philof.  Tranf.  1778,  p,  78'4. 
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I -the  lightnefs  of  the  fuperficial  ma- 
terials, fo  as  to  make  up  the  whole 
Aweight  of  the  earths  Suppofing  the 
Liiiameter  of  the  earth  to  be  7920 
rmiles,  and  that  it  was  compoled  of 
im  inward  globe  5110  miles  in  dia- 
^neterj'and  of  an  outward  fpherical 
]9iell  1405  miles  in  thicknefs,  the 
natter  of  the  inward  globe  being  as 
:.ieavy  nearly  as  melted  filver,  and. 
irhe  matter  of  the  outward  cruft  be- 
ing as  heavy,  at  a medium,  as  Port- 
land ftone  ; then  would  the  weight 
DDf  fuch  an  inward  globe,  and  fucli 
an  outward  jQiell  or  cruft,  be  toge- 
:ther  equal  to  the  prefent  weight  of 
the  whole  earth.  But  confidering- 
ithe  great  compreflibility  of  water,, 
and  of  the  ftones  and  earth  met  with 
upon  the  furface  of  the  globe,  it  is 
probable,  that  in  defcending  to- 
6 wardsi 
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wards  its  centre,  the  parts  may  be 
fo  condenfed  as  to  make  the  weight 
of  the  earth  what  it  is,  without  fup- 
pofing  its  central  parts  to  be  com- 
pofed  of  materials  different  from 
its  fuperficial  parts 

But  to  return  to  our  experiment. 
I need  ufe  no  arguments  to  prove 
that  either  the  fulphur,  or  the  iron, 
or  both,  have  undergone  a great 
change  during  their  fermentation  i 
we  can  have  no  difficulty  in  think- 
ing that  the  fulphureous  fleams, 
heat,  flame,  and  fire,  which  attend- 
ed the  mutual  a6lion  of  fulphur  and 
iron  upon  each  other,  could  not  have 
been  produced  without  the  bodies 
themfelves  having  fuffered  fome 
change  ; this  change  is  vifible  from 

infpe6l- 


* See  Mi\  Mitchell’s  very  ingenious  Eflay 
on  Earthquakes. 
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■jiifpefling  the  mixture  before  and 
jafter  its  fermentation  ; from  a grey- 
iifh  colour  it  will  be  turned  wholly 
; black,  or  of  a deep  red  ; it  will  be 
I rendered  more  manifeft  by  tailing 
It:  neither  fulphur  nor  iron  have 
any  tafte,  nor  has  the  mixture  of  the 
two  any  tafte  before  its  fermenta- 
tion ; but  after  that  is  finiftied,  it 
has  a very  faline  tafte.  The  nature 
of  the  fait  contained  in  it  will  be 
examined  in  the  next  eflay. 


ESSAY 


E . S S A Y VI. 


lOF  VITRIOLS,  AND  THE  REPUTED 
TRANSMUTATION  OF  IRON 
INTO  COPPER, 


HE  nature  of  the  refidue  re- 


fulting  from  the  fermentatioa 
<of  iron  filings  and  fulphur,  may  be 
teafily  afcertained.  Its  tafte.indicates- 
ithat  it  contains  fome  faline  fub^ 
iftance;  in  order  to  fee  what  that 
!fubftance  is,  it  muft  be  boiled  in 
'Water  i by  this  means  all  the  fait 
c contained  in  it  of  whatever  quality 
lit  may  be,  will  be  extradled.  The 
^water  containing  the  fair  in  folu- 
uion  being  filtrated,  evaporated,  and 
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cryftallized,  according  to  the  ufual 
mode,  we  ihall  obtain  large  faline 
cryftals,  of  the  colour  of  an  eme- 
rald, and  of  the  figure  of  a lozenge. 
This  fait  is  called  green  vitriol ; 
green  from  its  colour,  and  vitriol 
from  its  refembling  vitrum^  or  glafs, 
by  its  tranfparency. 

This  fait  certainly  did  not  exift, 
either  in  the  fulphur,  or-  in  the 
iron,  it  mull  therefore  arife  from 
their  mixture  ; but  from  a mere 
m^^xture  of  fulphur  and  iron,  no 
fait  can  be  extrafted,  unlefs  the 
fubftances  of  which  it  confifts 
have  been,  by  fome  means  or 
other,  decompofed.  The  reader 
may  probably , recolledl:,  that  ful- 
phur  is  compofed  of  two  things, — 
of  an  acidi  of  phlogijlon. — Iron 

alfo  is.  compofed  of  two  things, — of 

an 
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an  earthy  and  of  fhlogifion.  During 
the  fermentation  of  the  mafs  of  ful- 
phur  and  iron,  the  phlogiflon,  or  in- 
flammable part  of  them  both,  is  dlf- 
perfed ; and,  indeed,  in  being  dif- 
perfed,  it  becomes  the  caufe  of  the 
heat,  fire,  and  flame,  obfervable  in 
that  mafs.  The  inflammable  part, 
both  of  the  fulphur  and  of  iron,  be- 
ing difperfed,  there  remains  the  add 
of  the  fulphur,  and  the  earth  of  the 
iron.  The  acid  of  fulphur  is  a very 
flrong  acid,  it  difTolves  many  bodies 
with  great  facility,  and  when  it  is 
diluted  with  water,  it,  in  particular, 
diflblves  iron;  and,  by  its  union  with 
the  earth  of  iron,  it  compofes  the 
fait  in  queftion. 

That  this  is  a true  explanation  of 
the  origin  of  this  fait,  will  appear 
evident  from  the  following  confide- 
VOL  I.  O ratJpn. 
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ration.  If  into  a q uantity  of  the  acid 
procured  from  the  burning  of  ful- 
phur,  you  put  a piece  of  iron,  the 
iron  will  be  wholly  diflblved  in  the 
acid,  as  fait  is  diflblved  in  waterj 
and  if  you  faturate  the  acid  with 
iron,  and  then  evaporate  and  cryftal-  | 
^lize  the  folution,  you  will  obtain  a 
green  vitriol,  fimilar,  in  every  re- 
fpedil,  to  that  obtained  from  the  refi- 
due  of  which  we  are  fpeaking. 

The  compofition  of  green  vitriol  |i 
has  been  fully  explained,  and  its  de-; 
compofition  or  analyfis  will  ftill  fur- 
ther illuftrate  its  nature,  and  leave 
no  doubt  of  the  truth  of  the  propo- 
fition  which  aflTerts,  that  green  vi-* 
trial  confills  of  the  acid  of  Julphur^ 
united  to  irony  or  more  properly  t 
the  earth  of  iron. 

If  you  put  1 6 ounces  of  fre: 

grec 


rTreen  vitriol  into  a retort,  and  diflil 
, hhem  till  nothing  more  can  be  forced 
irnto  the  receiver,  by  the  utmod 
i nolence  of  a long-continued  fire, 

I ^ou  will  find  in  the  receiver  about 
I ; I ounces  of  ah  acid  liquor,  fmelling^ 
j rn  all  the  trials  that  I have  ever 
made,  very*  ftrongly  of  fulphurj  and 
r.n  the  retort  you  will  find  about  5 
ounces  of  an  earth,  of  a deep  red,  or 
• )urplifh  colour.  The  acid  liquor, 
i;.iy  combining  it  again  with  iron, 
may  be  made  into  vitriol ; and  the 
:arth,  by  being  properly  melted  in 
(onjundion  with  any  matter  which 
' i^ill  reftore  to  it  its  inflammable  prinr* 

. iple,  may  be  made  into  iron.  The 
nroportionable  quantities  of  acicland 
aarth  procurable  from  .green  vitriol 
)'/  diflillation,  are  purpofely  expref- 
sd  in  terms  rather  indefinite,  becaufc 
02  that 
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t^iat  proportion  is  fomewhat  variable 
in  different  vitriols.  ‘ 


The  earth  remaining  from  the 


diftillation  of  vitriol  is  called  Coho- 
thar.  I would  not  have  troubled  the 
reader  with  fo  barbarous  a name, 
but  for  an  obfervation  relative  to 
ks  ufe,  ■ which  may  be  worth  men^ 
tioningi-  7 • ; ^ ' 

Colcoihar  is  fold  for  ten-pence  a 
pound  in  Paris' i it  is  ufed  for  giv- 
ing the  laft  polifh  to  plate-glafs,  at 
the  great  manufadory  in  the  ftreet 
Zt,  Antoine..  The  largell  plate  of 
glafs  which  had  ever  been  polilh 
ed  in  that  manufactory,  they  in- 
formed me  ten  evr  twelve  years  ago, j, 
was  ten  feet  in  length,  and  fix  in 
breadth.  The  glafs  is  brought  from 
Pieardy } k is  there  melted  in  large 
crucibksf  and  fpread,  whillf  liquid, 

upon 
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: ;upon  a table,  covered  with  a, (beet  of 
I copper  j much  after  the  fame  man- 
' :ner  in  which  plumbers  call  a fheet  of 
1 dead.  The  plate  of  glafs,  when  firft 
, iCad,  is  an  inch  in  thicknefs ; - its 
I iafperities  are  ground  away  with  a 
; (coarfe  kind  of  grit-ftone,  with  fand, 

! rand  emery,  of  different  degrees  of 
j ifinenefs,  and  it  is  at  lafl  polifhed  by 
j (colcothar.  ■ - .]  - i .:,  i 

, I do  not  know  whether  the  ufe  of 


colcothar  is  adopted  in  our  Ehglifli 
.plate-glafs  manufadory  n?ar  Prefect 
’in  Lancajhire,  having  not.been  fortu- 
nate enough  tp  obtain  permifhon  to 
fee  it.  Bur,  both  to  the  proprietors 
of  that  manufadopy,  ap4  to,  t]ie  pa- 
tentees for  polifhing,  marb}e  at  .Ajh~ 
Jor^  jn  Derhyjhirey  I take  the  liberty 
• to  fuggeff,,jthar  colcothar,  which- is 
yery,Cjheap,  cnighp  perhaps  render 
o 3 the 
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tlie-ufe  of  futty.,  or  ealcinetr  tin,  left 
neceflary. — Would  it  not  be  pofTible 
to  apply  the  fame  kind  of  machines 
by  which  marble  is  poliflicd  to  the 
polifhing  of  plate-glafs?  — But  ta 
return  from  this  digrelTion.  i 

The  acid  feparated  from  vitriol,^  | 
by  diftrllation,  is  called  the  vitriolic  j 
acid.  From  what  has  been  faid,  rela- 
tive to  the  formation  of  vitriol,  it 
manifeftly  appears  to  be  the  fame 
with  that  which  enters  into  the  com- 
pofition  of  fulphurj  and  indeed  the 
main  part  of  what  is  fold  as  vitriolic 
acid  is  now  obtained  by  collecting 
the  vapour  of  burning  fulphur,  and 
not,  as  it  ufed  formerly  to  be,  from 
tjie  diftillation  of  vitriol. 

It  muft  not  be  imagined>  that  the  i 
acid  liquor  procured  from  the  diftil-  ■ 
lation  of  the  1 6 ounces  of  vitriol,  ! 

confifts  j 
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conlTfts  infirely  of  the  vitriolic  acid? 
it  confifts  of  that  acid  diluted  with 
a large  portion  of  pure  water.  If 
care  had  been  taken  to  feparate  the 
different  products  as  they  arofe,, 
during  the  diftillationi  we  might, 
have  procured,  by  a very  gentle 
hre,  fix  or  feven  ounces  of  water 
wholly  infipid  : this  is  the  water  of 
cryftallization  before  fpoken  of*;  it 
is  called,  the  fhiegm  of  vitriol.  After- 
the  feparation  of  this  water,  by  a 
flronger  degree  of  heat  we  fhould' 
have  obtained  an  ounce  or  two  of’ 
water  flightly  impregnated  with  an 
acid  : this  is  called,  fpirit  of  vitriol, 
Laftly,  with  a very  violent  fire,  we- 
fhould  have  gotten  a very  ponderous 
and  flrong  acid,  having  an  un-6tuous- 
•appearance,  and  from  that  appear- 

o 4.  ance 
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ance  generally,;  bun  ^iiripjolp^rlyi  cal- 
led, cf'vitrioU'.  This  >oiI  of  vi- 
trioMs  not  alwajS's  fluid  ;*fometime$, 
when  it  is  exceddinglyi  ftrong,  it  has 
been  obferved  to ‘bcVome  folid;  m 
that'  flare' it  is  dehominated,  glacial 
or  icy  oil  of  vitriol. 

It  was  'fliewn  in  the  laft  Eflay,  that 
natural  combinations  of  iron  and 
Tulphur  were  fubjeft  to  the  fame 
fpontanedus  changes  obfervable  in 
• the  ai\tificial  mixtures  of  thefe  fub- 
ftances  j and  hence  we  may  clearly 
apprehend  the  manner  in  which 
what  are  called  native  vitriols  are 
fornoed  in  mines  and  other  fubterra- 
neous  cavities.  The  pyrites  exifling 
in  thefe  places  being  naturally  de- 
compofed  by  the  fulphur’s  parting 
with  its  phlogifton,  the  water  which 
is  always  dripping  in  mines,  diflfolvcs 

the 


\ 


X '217  ) 

the  vitrioj  generated  in  the^deconi- 
pofed  pyrites;  and  being  afterwards 
evaporated,  either  by  the  heat,  or  the 
current  of  air  fubfifting  in  the  mine, 
the  vitriol  is  found  in  its  qryftalline 
form,  either  proje6ling  like  icicles 
from  the  top  and  fides  of  the  mine, 
or  lying  in  cavities  at  its  bottom. 
The  cryftals  of  native  vitriol  are 
more  or  lefs;  regular,  according  to  the 
circumftances  attending  the  evapo- 
ration of  the  water,  and  they  are  of 
different  colours  according  to  the 
quality  of  the  pyrites;  for  together 
with  the  fulphur  and  iron,  the,  chief 
conftituent  parts  of  the  pyrites,  there 
is  fometimes  combined  copper,  and 
other  metallic. matters,  which  being 
diffolved  by  the  acid  of  the  fulphur 
at  the  fame  time  that  the  iron  is  dif- 
folved,  a mixed  vitriol  is  produced, 

the 
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the  colour  of. which  is  fometimes 
whitilhj  more  generally  it  confifts  of 
different -fli ad es  of  green  .and  blue. 

. Native  vitriol  is  often  met  with  in  i 
our  coal  mines.  From  an  old 
coal  pit  near  Wigan  in  Laneafhire,  I 
procured  a confiderable  quantity  of 
it  very  well  cryftallized ; and  Dr, 
Rutty  has  obferved,  that  the  vitrio-  , 
lie  water  at  Haigh  in  Laneafhire  is 
the  ftrongeft  in  Britain,'  yielding 
. 1920  grains  of  vitriol  from  a gallon 
of  water*. 

When  I was  at  Whitehaven  fome  ; 
years  ago,  1 was  informed  by  the  very  j 
intelligent  fuperintendant  of  the  coal 
works  in  that  place,  that  the  bottom 

of 

* Philof.  Tranf.  1756.  p.  650,  See  allb 
for  an  examinatioti  of  this  Haigb  which 

fprings  from  a flratum  of  the  cannel-coal, 
Leigh's  Tentamen  Philo,  de  Fonte  'Med.  in 
Agro  Laticai.  C.  I. 
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of  a pump  of  caft  iron,  which  had 
ftood  a long  time  in  a well  of  vitriolic 
watery  was  fo  much  fofcened,  that,- 
after  removing  a thin  coat  of  rufl, 
he  was  able  to  cut  it  with  a knife, 
as  eafily  as  he  could  cut  black  lead ; 
it  had  preferved  its  grain,  and  was  not 
in  any  wile  altered,  except  in  being 
foftened. 

At  that  time,  I attributed  this 
foftening  of  the  iron,  to  the  action  of 
the  vitriolic  water ^ and  thought  it  a 
very  fingular  phenomenon  : in  this, 
however,  I was  miftakenj  fea  water 
has  the  fame  elFc6l.  Some  iron  can- 
non, which  had  lain  in  the  fea  up- 
wards of  fixty  years,  were  weighed 
up,  and  the  iron  was  found  to  be  as 
foft  as  tin;  though  in  24  hours,  by 
being  expofed  to  the  air,  it  recovered 

its 
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its  6nginal  hardnefs,^.  This'  fofcefr- 
ing  of  iron  is  not  an  effedl  peculiar 
to  the  adtion  of  either'  vitriolic  or 
fea  water:  I have  fomewhere  read  of 
an  experiment  of  foftening  iron  by 
fmearing  its  furface  with’the  acid  of 
vitriol;'  and  .1  have  heard  of  a gen- 
tleman, ;who  having  frequently  ftir- 
red  falinci  draughts  with'' his  pen- 
knife,, found  its  temperature  much 
.foftened  thereby. . I>lodcr,us  Siculus 
'mentions  a cuftom  of  the  CeltiberianSy 
by  which,,,|t;hey  .mad.e, their  arms  of 
incomparable  hajdnefs  i-chey  buried 
plates  of  iron  under  the  earth,  till  the 
weaker  part  bf  the  iron  w'aS  confumed 
! by  the  rull,  ,and  they  fabricated  their 
- arms  nfronan .the  remainder  f.  The 

■ inhabi- 

)■) ; • ' , f J ) (;  • ' ' 1 ! 1 ^ : 

• Hid.  'tie' 1’ Acad,  des  Scien,  a Paris,  an. 
'■  ^ 

• 'f  bibd.'^fc.  t.  V.  p.  356,  • ' 
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inhabitants  of  Japan  are  faid  to 
make  ulb'of -the  fame  artifice*. — 
The  time,  however,  in  which  the 
iron  is  fufFered  to  lie  in  the  ground, 
muft  iK)t  be  too  long;  for  the  iron, 
inftead  of  being  foftened  and  melio- 
rated, will  in  length  of  time  be 
wholly  changed,  as  is  faid  to  have 
happened  to  fome  SpaniHi  cannon 
made  of  hammered  iron,  which  had 
lain  many  years  under  the  old  fort 
' ‘ ' at 

' * In  itinetariis  referunt  aliqiii  de  Japaneh- 
fibus  qnnd  ferrum  fuum  in  contos  excufiim 
locis_  paiuftribu^  ipnmergant,  et  ibi  tamdiu  re- 
linquant,  duna  ad  inultam  partem  ferrugine 
fit  confumtuin ; exemtum  dein  e novo  excu- 
dant,  et  ifertim  in  palude  per  fpariiim  8 vel 
lo  annorum  .re.condant,  ufque  dum  iteruin 
in  aqua  paludinola  falfa  admodurn  exefum  lit ; 
pars  ferri  quae  rellat  fpeciena  chalybis  referre 
perhibetur,  e:!^ipcie  cjein  von^eres /pbiiicant,  ex- 
que  ferro  lie  rubiginofo  inftrumenta  fua  et  uten- 
filia  conficiunt.  Sweden  dc  ferro,  Yol.  I. 

.if  , I ■ ft  . ' ; 

p.  194. 
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at  Hull  in  Tcrkjhire  i the  iron  being 
changed  into  a brittle  kind  of 
ftone  rtfembling  an  iron  ore,  and 
refufing  to  obey  the  adlion  of  the 
magnet*. 

Modern  chemifts  apply  the  name 
mtrioly  to  every  -combination  of  the 
acid  of  fnlphur  with  any  metallic 
fubftance ; three,  however,  of  thefe 
combinations  are  more  particularly 
diftinguilhed,  being  of  great  ufe  in 
various  manufaftures  j — green  vitriol 
* — blue  vitriol— r ’white  vitriol  The 
acid  in  all  thefe  vitriols  is  the  fame?, 
the  metallic  bafis  of  the  green  vitriol 
we  have  already  feen  is  iron,  that  of 
the  blue  vitriol  is  copper,  and  that 
of  the  white  vitriol  is  zinc.  Vitriol  is 
very  commonly  called  by  the  manu- 
iatlurers  copperas:  thus  we  con- 
, ftantly  . 

Lifter’s  Journey  to  Paris,  p.  14.  Ed.  1699. 
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flantly  heair  of  green,  blue,  and 
white  copperas.  The  conftituent 
parts  of  the  different  kinds  of  vw 
triols  were  not  underftood  by  the  an- 
cients fo  well  as  they  are  at  prefenCj 
they  feern  to  have  had-  an  idea,  that 
copper  was  the  bafis  of  them  all:- 
hence  the  Greek  term  for  vitriol, 
chalcanthos,  the  efflorefcence  of  cop- 
per; and  the  Latin  one,  cuperofay  or 
cupri  roja,  the  flower  qr  efflorefcence 
of  copper ; from  which  the  French 
couperofe,  and  our  copperas t are  evi- 
dently derived.  • 

The  vitriols  which  nature  pre- 
pares, are  never  to  be  rqet  with  in 
commerce  j they  ferve  to  adorn  the 
cabinets  of  the  curious,  but  they  are 
wither  fufficiently  pure  for  the  pur- 
pofes  to  which  common  vitriols  are 
applied,  nor  are  they  found  in  fuffi- 
4 • cient 
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cient  quantities  to  anfwer  the  de- 
mand 'which  is  made  for  them.  .< 
Green  vitriol  is  made  at  Deptford^  ' 
and  other  places,  from  a Ipecies  of  S 
the  pyrites  found  onSheppey\?iity  the  j 
Ifle  of  Wighti  and  various  parts  of  i 
the  EJfeXj  Kentijhy  SuJJex,  and  Dor-  t 
fetfbire  coafbs.  Large  quantities  of  1 
the  pyrites  are  laid  in  heaps  in  the  d 
open  air,  on  beds  properly  pre-  I 
pared  \ in  half  a year,  a year,  two  i 
years,  fooner  or  later,  according  to  j 
its  quality,  the  pyrites  acquires  a i 
fpontaneous  heat;  that  heat  without 
being  increafed  to  fiich  a degree  as  to  | 
fire  the  pyrites,  infcnfibly  difperfes 
the  inflammable  principle  of  the  ful- 
phur,  one  of  the  conftituent  parts  of 
the  pyrites;  the  acid  of  the  fulphur 
being  thus  difengaged  from  the  in- 
flammable principle,  unites  itfelf  to 
the  other  principal  conftituent  part 

of 
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, of  the  pyrites,'  the  iron,  and  forms 
. green  vitriol  The  vitriol  thus 
•formed  is  walhed  from  the  pyrites 
ibed  by  the  rain  : the  rain-water 
which  has  diiTolved  the  vitriol  of  the 
j pyrites,  cannot  fink  into  the  earth, 
(the  bed  on  which  the  pyrites  is 
ilpread  being  forrned  of  clay  j and 
tbeing  made,  moreover,  in  a doping 
jpofition,  the,  diflblved  vitriol  runs 
iinto  receptacles  properly  placed  to 
rreceive  it,  and  being  boiled  with 
^Itold  iron  till  it. is  of  a prope,r  con-, 
ii  lfiftency,  it  js  r,un  off  intp^  copiers,, 
i pand  left  tocryftaljize.  Vit^riiol  miay  ; 
p:pbe  made  without  the  ufe  of^p,ld,iron,/ 
b^^t  the  liquor  which  drains i,  from 
the  pyrites  being  oflen^Ilot  fatoirated 
with  iron,,  the  iron  is  added  to  Satu- 
rate the  a^id,  and  at  the  fame  time 
t(^  purify  ic^ifrom;  ajiy  ^part’^cles  of, 
P copper 
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copper  it  may  chance  to  contain^ 
by  this  peans  a pure  iron  vitriol  is 
obtained,  which  is  known  in  com- 
merce under  the  name  of  Englilh 
vitriol.  The  quantity  of  old  iron,  in 
fome  works,arnounts  to  twohundred 
weight  in  making  a ton  of  vitriol. 

Much  after  the  fame  manner,  vi- 
triol is  made  from  the  pyrites  found 
amongft  coalj  there  are  manufado- 
rics  of  it  near  WigaUj  ^\.W-hitehavefi^ 
at  NewcaJHe  upon  and  in  feve- 

ral  other  parts  of  the  kingdom. 
But  all  the  vitriol  works  have  funk 
in  value  of  late  years ; the  home 
confumption  of  vitriol  being  much 
diminilhed  fince  the  acid,  which 
ufed  to  be  procured  from  the  di- 
ftillation  of  vitriol,  has  been  ob- 
tained from  the  burning  of  ful- 
phur. 

It 
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It  Is  hot  esify  to  delermirte  ii/hea 
this  method  6f  nhfaktOg  vhf-iol 
fihcroduced  into  Engk-rfd.  In  the 
/ery  beginriiftg  of  Queen  Ef?za‘- 
'hjeth’s  feign,  a p:atent  wa^  gfahted 
0 Cornelius  Devoz,  for  making 
|ik?um  and  copperas*;  btrt  it  ^^as 
lot  till  towards  the  end  of  the  iaft 
rehtury,  tha-t  this  art  of  mating 
?*ftriol  Was  brolight  to  fd  gfeat  pef- 
eeftion  as  to  enable  us  to  eipbre  anf 
'I'f  It  t ; and,  indeed  a-  veVy  deep 
rnd  judicious  inquirer  into  things  6f 
Kiis  kind  afTOres  dsf,  that  ‘‘at  the 
utter  e'nd  of  the  laff  century,  we  iiti- 
■ orted  annually  about  500  tons  of 
itriof,'  and  that  we  now  expbre  up- 
■'^ds  of  2o0o  tohs.'**  It  appears, 
nat  there  were  e^ipofted,  fi^om  the 

P 2 port 

* Open  Mirr.  e^plicaf.  p‘.  26. 

It  Boyle’s  Works. 

t ;C  iunpb.  Survey  of  Brir.  Vol.  II.  p.  21. 


port  of  London  alone,  near  400  ronsj- 


of  copperas  in  three  months,  JanU'-r 


to  the  annual  amount  of  5oor6otc 
is  (till  imported  into  England;  fo 
particular  dyers  and  other  art 


is  more  ufeful  to  them  than  1 
Englifh  vitriol. 

It  may  eafily  be  known  whetl 
green  vitriol  contains  any  copp( 
we  need  only  rub  the  vitriol  to 
examined  upon  a moiftened  piece 
poliflied  iron,  for  if  there  is  any  co 
per  in  its  compofition,  the  iron  w 
be  changed  into  a copper  coloi 
This  experiment  renders  it  necefla 

* See  Sir  Charles  Whitworth’s  Reg.  ,oji  t 
Trade,  No.  I.  » 


ary,  February,  and  March,  17761^'.^ 
A fmall  quantity  of  vitriol,  perh^r^®*' 


being  of  opinion,  that  the  foreign|j 
vitriol,  as  containing  a little  copper JI5 
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to  explain  to  the  reader  two  terms 
‘frequently  met  with  in  chemical 
; books — affinity  and  precipitation. 

When  two  heterogeneous  bodies, 
;as  an  acid  and  iron,  coalefce  toge- 
tther,  and  conftitute  by  their  union 
.a  third  body  different  from  either  of 
!them,  their  union  is  faid  to  proceed 
tfrom  their  mutual  attraHiony  or,  in 
tlhe  language  of  German  philofo- 
iphy,  from  their  mutual  affinity.  It 
iumay  reafonably  be  conjedtured,  that 
trhe  affinity  of  the  fame  body,  of  the 
(fame  acid  for  inftance,  may  be  dif- 
I fferent  with  different  bodies ; its  ac- 
ttion  upon  iron  may  be  different  from 
iits  aflion  upon  copper  i and  its  ac- 
ttion  upon  any  metallic  fubftance 
rmay  he  different  from  its  adion 
uipon  any  alkaline  or  earthy  fub* 
(ftancci  becaufe,  from  whatever  at- 

p 3 traclivc 
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tra<fi:ive  powers  we  fuppofe  its  aflioi^  j : 
upon  any  body  to  proceed,  it  feems  ' j 
probable  .enough,  that  their  efFefts  ’ 
will  bp  modified,  according  to  the  ’ 
nature  of  the  fubje6|:  uppn  which 
they  are  exerted.  A few  inftances  | 

' . • • ‘ ■ • ' " ‘ r I 

Will  rpake  this  matter  clear.  ; 

Spirits  of  wine  very  readily  diP 
folve  a portion  of  camphor ; that  is 
the  particles  of  the  fpirits  of  wine 
fp  powerfully  atJraSi  the  particles 
of  pamphop,  that  they  unite  them- 
felves  with  the  camphor  in  fuch  a 
way  as  to  comppfc  with  jt  a pellu- 
cid fluid.  Spirits  of  wine,  however, 
more  powerfully  attraifl  water  than 
they  attraft  camphor ; for  if  you 
mix  water  with  camphorated  fpirits 
of  wine,  you  will  fee  that  the  fpirits 
quitting  their  conneftion  with  the 
camphor,  will  unite  themfelvcs  wi:h  ' 

the 
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:ithe  water,  and  the  camphor  beipg, 
i lighter  than  water,  will  rife  up  to 

: ::he  furfacc.  Lavender  water  con-' 

’ ’ ’’ 

i ififts  of  the  oil  of  lavender  dilTolved 
;in  fpirits  of  wine.  Into  a glafs  of 
i^Afater,  drop  a few  drops  of  lavender 
: ».«ater  ; the  fpirits  of  wine  will  ^uic 
i!  j;he  oil,  in  order  to  unite  themfelves 
jfcivith  the  water,  and  the  oil  being 
[|  i ighter  than  water  will  float  upon  its 
ijiurface.  In  both  thefe  cafes,  the 
\ fpirits  of  wine  are  fald  to  have  a 
i j^reater  affinity  with  water,  than  with 
j ramphor  or  oil  of  lavender. 

Into  a Iblurion  of  green  vitriol, 

! ^rop  a folution  of  pot-afh,  fait  of 
rarcar  or  any  alkaline  fait ; the  vi- 
rriol'ic  folution  will  let  fall  a fedi- 
^Tjent:  continue  to  mix  the  alkali 
^viih.  the  folution  of  vitriol,  till  no 
snore  matter  fa-lls-to  the- bottom  j the 
p 4 matter 
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I'  matter  which  falls  to  the  bottom,  is  * 
faid  to  ht  precipitated,  and  it  is  often  { 
called  ^ precipitate.  This  effed  may  ; 

I be  thus  explained: — green  vitriol 
confifts^of  two  things, — of  an  acid,  i 
’ and  of  an  iron  earth  j but  the  acid  j 
has  a greater  difpofition  to  unite  it-’ , 
felf  with  any  alkali,  than  it  has  to  ‘ 
continue  united  with  the  earth  of  | 

■ iron  ; when  therefore  an  alkali  is  I 
prcfented  to  it,  it  quits  the  iron  | 
earth, > which,  thus  wanting  its  fup-  j 
port,  falls  to  the  bottom,  and  unites  i 
itfelf-with  the  alkali.  The  acid  of 
vitriol  is  therefore,  on  this  account, 
faid  to.have  a greater  affinity  with  any 
alkaline  fait,  than  with  iron,  becaufe 
any  alkaline  fait  will  feparate  the 
iron  from  the  acid.  What  is  precipi- 
tated may  be  made  into  iron ; and  if 
the  liquid  which  floats  upon  the  pre- 
cipitated 
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. cipitated  earth,  be  'evaporated  • and 
- cryftallized,  it  will  give  the  very 
• kind  of  fait  which  would  arife  from 
a dired  combination  of  the  acid  of 
vitriol  with  the  alkali  which 'ocoa- 
fioried  the  precipitation,  i I 'will 
mention  one  other  inftance. 

Blue  vitriol  confifts  of  copper 
united  with  the  acid  of  vitriol : if  to 
a folution  of  blue  vitriol  you  add  a 
piece  of  bright  iron,  it  will  prefcnt- 
ly  become  covered  with  a coppery 
coat,  the  copper  will  ^\\  ht  precipt- 
t<ited,  and  the  iron  will  be  dijfolved 
in  its  (lead.  The  proof  of  this  rea- 
foning  is  eafy  : the  matter  which  is 
precipitated  may  be  melted  into 
copper,  and  the  liquid  part  may, 
by  evaporation  and  crydallization, 
be  made,  not  into  blue^  but  into  green 
•vitriol i that  is,  into  a combination  of 

the 
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the  vitriolic  acid  and  iron.  Hence  it 
is  faid,  that  the  acid  pf  vitriol  has  a 
greater  affinity  with  iron,  than  it  has 
with  copper,  becaufe  it  qylts  cop- 
per to  unite  itfelf  with  iron.  In 
order  to  be  convinced  of  the  truth  of 
what  is  advanced,  we  need  only  dip 
a bright  key  into  a folution  of  blue 
vitriol,  and  we  ffiall  fee  the  key  pre- 
fcatiy  becoming  covered  with  a 
copper- coloured  pellicle. 

This  cxperiipent  explains  to  us,, 
in  a very  fatisfaftory  manner,  the 
nature  of  that  tTanJmutat\on  of  iron 
into  coppePj  which  travellers  have 
been,  fo  much  fu/prifed  at.  Agricola 
fpeaks  of  waters  in  the  neighbour- 
hood of  Ncwfol  in  Hungary^  which- 
had  the  property  of  tranfmuting  the 
iron  which  was  put  into  them  into 
copper*.  In  the  year  1673,  our 

coun- 


* Agric.  Fof.  L.  IX.  p.  347. 
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countryman  Dr.  Browp  vifite4  a fa- 
mous copper  pnine  zt  Herrn-Qrundi^. 
about  feven  Englifli  miles  from 
New/oi } he  informs  us  that  he  there 
faw  two  fprings,  called  the  old  and 
new  zimeniy  which  turned  iron  into 
copper.  The  workmen  fhewed  him^ 
a curious  cup  made  of  this  tranf^ 
muted  iron  y it  was  gilt  with  gold, 
had  a rich  piece  of  fitver  ore  faften^r 
cd  in  the  middle,  and  the  following 
infeription  engraved  on  the  outfidci 

Eijen  ware  ieby  kupjer  bin  ich^ 

Silver  trag  ich,  gold  bedeckt  mich. 

Copper  I am,  but  iron  was  of  old,. 
Silver  I carry,  covered  am  with  gold*.. 

It  was  even  at  that  time,  he  fays, 
contended  by  fome,  that  there  was 
no  real  tranfmutation  of  iron  into 

copper, 

* Brown’s  Travels,  Ed.  1687,  p.  69. 
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copper,  but  that  the  ziment  water, 
containing  vitriol  of  copper,  and 
meeting  with  the  iron,  depofited  its 
copper  } and  it  feems  as  if  he  would 
have  acceded  to  this  opinion,  could 
he  have  told  what  became  of  the  iron. 
It  is  now  very  well  imderftood  what 
becomes  of  the  iron  i it  is  taken  up 
by  the  water,  and  remains  fufpendcd 
in  it,  in  the  place  of  the  copper  j 
fo  that  this  tranfmutation  is  nothing 
but  a change  of  place  j and  as  the 
copper  is  precipitated  by  the  iron, 
fo  the  iron  might  be  precipitated  by 
pot-alh,  or  any  other  fubftance  which 
has  a greater  affinity  with  the  acid 
of  vitriol  than  iron  has.- 
' The  caufe  of  the  impregnation  of 
thefe  copper  waters  in  Germany  is 
not  difficult  to  be  explained.  Moil 
copper  ores  contain  fulphur,  and 

when 
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when  the  fulphwr  is  in  any  degree  de- 
co mpofed,  its  acid  unites  itfelf  to  the 
copper,  and  forms  blue  vitriol,  which 
is  the  fubftance  with  which  the  wa- 
ters iffuing  from  the  copper-mines 
are  impregnated.  It  has  been  the 
cuftom  in  Germany,  for  fome  centu- 
ries, to  colled  the  copper  contain- 
ed in  thefe  waters;  the  method  is 
fimple;  into  pits  filled  with  the  cop- 
pery waterthey  put  old  iron;  the  iron 
is  diflblved,  and  the  copper  is  pre- 
cipitated, and  being  raked  out  in 
the  form  of  mud,  it  is  afterwards 
melted  into  very  fine  copper.  The 
quantity  of  copper  procured  by  an 
hundred  tons  of  iron,  is  not  always 
the  fame  ; it  fometimes  amounts  to 
90  tons,  and  feldom  to  lefs  than  84*. 

The 

* Mifcel,  Curi.  Germ.  Ann.  6 & 7,  p.  1 58, 

v.lee 
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• The  progrefs  of  arts  ii  in  n^any 
vinftances  wonderfully  flow.  Though 
-this  method  of  obtaining  copper  has 
-been  long  ptadtifed  in  Germanyyyet 
it  is  but  of  late  years  that  any  fuc- 
cefsful  attempts  of  this  kind  have 
been  made  in  .either  England  *f  or 
Ireland  j and  that  they  have  beeri 
mdde  at  all  has.,  in  Ireland  at  leaf!,' 
been  owing  not  to  the  example 
which  had  been  fee  in  Gcrrnany, 
bnt  to  an  aiCcide'rit. 

There  are"  very  celebrated  cop- 
.per-mines  at  Arklozv  in  the  county  of 
W'tcklow  in  Ireland  j and  from'  thefe 

mines 

where  there  is  mention  made  of  an  oak  leaf 
being  changed  frito  cop])er— the  iron  con- 
tained in  the  feaf,  pi*6bably  precipi^ting 
the  copper. 

f An  attempt  was  made  in  1571,  to  tranf- 
mute  iron  ihtn  Copper,  near  Pool  in  I>6rlet- 
fliire.  Hutch,  Hill,  of  Dork  Vol.  II.  p.  1 10. 
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anines  there  ifTues  a great  quantity 
-of  water  ftrongly  impregnated  with 
the  vitriol  of  copper.  One  of  the 
workmen  having  accidentally  left 
an  iron  fhovel  in  this  water^  he  found 
it  fome  weeks  aftetj  fo  incrufted 
with  a coat  of  copper,  that  it  was 
thought  to  be  changed  into  copper. 
The  proprietors  of  the  mines,  in 
purfoance  of  this  hint,  made  proper 
pits  and  receptacles  for  the  water, 
and  have  obtained,  by  means  of  foft 
iron  bars  put  into  the  coppery  water, 
fuch  quantities  of  copper,  as  render 
the  flreams  of  as  much  confequencC 
as  the  mines.  One  ton  of  iron  pro- 
duces near  two  tons  of  copper  mud  j 
and  each  ton  of  mud  produces,  when 
melted,  i6  hundred  weight  of  cop- 
per, which  fells  for  lo  pounds  a ton, 

more 
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more  than  the  copper  which  is  fluxed 
from  the  ore*. 

There  is  a mountain  in  the  ifle 
of  Anglejey  calle-d  Paris  moun- 
tain, which  abounds  in  copper  ore  ; 
the  bed  of  ore  being  above  forty 
feet  in  thicknefs.  The  leflees  of 
this  mine  annually  raife  between 
fix  and  feven  thoufand  tons  of  mer- 
chantable ore,  and  daily  employ 
above  forty  furnaces  in  fmelting 
it.  The  ore  is  not  rich  in  copper, 
but  it  contains  a great  quantity  of 
fulphur,  which  muft  be  feparated 
from  it,  before  it  can  be  fluxed 

into 


* Philof.  Tranf.  for  1751  and  1752,  p* 
502,  and  for  1756 — Iron  often  contains 
gold ; the  vitriolic  acid  has  no  aftion  upon 
gold ; is  not  the  gold  contained  in  the  iron 
mixed  with  the  precipitated  coppe,  and 
may  it  not  he  worih  while  on  this  account 
10  alTay  this  copper  ? 
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rnto  copper.  The  ore  is  accord- 
rngly  roafted ; the  phlogifton,  to- 
i^ether  with  part  of  the  acid  of  the 
( lulphur,  is,  by  the  violence  of  the 
lire  to  which  it  is  expofed  in  roaft- 
|rng,  difperfed  into  the  air  : another 
|))art  of  the  acid  attacks  and  dilfolves 
:he  copper.  The  water  in  which 
!he  roafted  ore  is  wafhed  is  fo  ftrong- 
\y  impregnated  with  copper,  that 
they  have  found  it  ufeful  to  adopt 
Ihe  German  method  of  precipitating 
tt  by  means  of  old  iron,  and  they 
nave  obtained  in  one  year  near  one 
uindred  tons  of  copper  precipitated 
from  this  water. 

The  water,  after  the  copper  has 
)een  precipitated  by  means  of  iron, 
ss  at  prefent  thrown  away ; it  would, 
:oy  evaporation,  yield  green  vitriol  \ 
and  as  above  one  hundred  tons  of 

VOL.  I. 
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iron  muft  be  employed  in  obtaining 
the  fore-mentioned  quantity  of  cop- 
per, it  may  deferve  to  be  confidered,  j 
■whether  a manufactory  of  green 
triol  might  not  be  eftablifhed  at 
this  and  at  all  other  places  where 
copper  is  obtained  by  precipitation}^ 
One  hundred  tons  of  iron  would 
yield,  at  the  leaft,  two  hundred  ton 
of  vitriol,  which,  at  the  low  pric 
of  three  pounds  per  ton,  would  b 
more  than  fufficient,  I fuppofe,  t 
pay  the  expence  of  extrafting  it 
efpecially,  as  means  might  be  con 
trived  of  evaporating  the  watery  fo 
lution,  by  a proper  application  o 
part  of  that  heat,  which  is  at  pre 
fent  loft  in  all  the  great  fmelting 
houfes.  There  are  other  purpofes  t 
which  this  water  might  be  ufefull 
applied,  which  I cannot  infift  upo 
in  this  place.  Th 
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The  principal  ufe  of  green  vitriol 

is,  in  dying  and  in  making  of  ink. 
When  the  vitriol  is  diffolved  in  wa- 
ter, the  iron  contained  in  it  becomes 
tblack  by  the  addition  of  an  infufion 
(of  gall-nuts.  Galls  are  excrefcences 

from  the  oak  ; they  are  formed  from 
the  exudation  of  the  juices  of  the 
koak  : this  exudation  is  not  fponta- 
jmeous  ; it  ‘proceeds  from  the  punc- 
ture made  in  the  bark  by  an  infefl : 
iin  the  hole  which  it  has  made,  it  de:- 
[pofits  its  egg,  and  the  exuding  juice 
1 hardening,  forms  a proper  nidus  for 

it.  Mod  of  the  galls  have  holes 
I in  them,  the  young-  infect  having 
beaten  its  way  through  the  fubftance 
in  which  it  was  hatched  : in  many  of 
thofe  which  have  no  holes,  the  in- 
Tedl  may  be  difcovered  in  the  in  fide, 
:by  breaking  the  gall.  The  property 

Q 2 which 
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'Which  an  infufion  of  galls  has,  of 
tinging  a folution  of  vitriol  black 
or  purplifli,  renders  it  ferviceable 
in  difcovering  the  minuted;  portion 
of  iron  in  chalybeate  waters.  I tooki 
one  grain  of  vitriol  (a  grain  of  vi- 
triol does  not  contain  quite  half  a 
grain  of  iron)  and  dilTolved  it  in  15 
gallons  of  water;  the  water,  upon  I 
the  addition  of  an  infufion  of  galls, 
became  fenfibly  purple.  Other  aJlrin-\ 
.vegetables  have  a fimilar  efFe6t| 
on  vitriol,  but  not  in  the  fame  degree. 

I will  conclude  this  fubjedt  with! 
mentioning  an  experiment,  which,] 
when  profecuted  by  a Ikilful  manu- 
fadturer,  may,  I fhould  hope,  fom( 
time  or  other,  become  of  general 
fervice.  || 

I took  a piece  of  dry  oak,  whicl 
'had  been  felled  about  a year ; 


\k 


I"? 


( HS  ) 

rafped  off  from  the  bark,  from  the 
-fap,  and  from  the  heart  of  the  wood, 
f equal  weights,  and  put  them  into 
cequal  portions  of  hot  water.  After 
they  had  ftood  fome  time,  it  was 
napparent  that  the  bark  had  given 
;:an  higher  colour  to  the  water  than 
ithe  heart  had  done  j and  that  the 
Nwater  in  which  the  fap  was  put,  had 
(extrafled  the  lead;  colour.  Into 
tequal  portions  of  a folution  of  green 
'vitriol,  I put  equal  parts  of  thefe 
ifeveral  infufions,  expedling  to  have 
ffeen  the  vitriol  turned  black  by 
ithem  all;  but  the  event  was,  that 
“t\\t  fap  infufion  produced  very  little 
< change  of  colour  ; the  bark  infufion 
jgave  a dark  brown  ; and  the  heart 
; infufion  inftantly  gave  one  of  the 
vivid  blues  I ever  fav/.  If  the 
rafpings  of  heart  of  oak  be  boiled 

Q.3  for 
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for  an  hour  in  water,  they  lofe  this 
property  of  forming  blue  with  vi- 
triol ; but  the  cold  infufion  forms 
a fine  blue  j and  if  a folution  of 
vitriol  be  poured  upon  the  rafp- 
ings,  the  whole  is  changed  into  a 
blue  mafs. 


ESSAY 


ESSAY  VII. 


OF  NITRE,  OR  SALTPETRE,  AND  THE 
APPLICATION  OF  ITS  ACID  TO  THE 
INFLAMMATION  OF  OILS,  AND  THE 
CONGELATION  OF  Q^JICK  SILVER. 

SOME  of  the' more  ancient  che- 
mical writers  were  accuftomed 
to  make  a-  diftindlion  between  nitre 
and  Jaltpetre'i  they  are  now  ufed  as 
fynonymous  terms.  The  conftituent 
parts  of  nitre  are  two  j — an  acid^ 
and  the  vegetable  fixed  alkali.  This 
propofition  may  be  proved  both  by 
the  decompofition  and  the  compofition  of 
nitre. 

Q.4 
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Nitre  may  be  decmpofedm  the  fol- 
lowing manner.  — Upon  two  parts 
of  nitre  by  weight,  pour  one  part  by 
weight  of  ftrong  acid  of  vitriol,  and 
diftil  the  mixture.  You  will  obtain 
thereby,  a very  ftrong  acid,  of  k 
yellowifti  colour,  and  of  a moft  fuffo- 
cating  fmell,  and  which  has  the  fin- 
gular  property  of  emitting  red  fu7nes  y 
by  the  addition  of  water  the  colour 
may  be  rendered  blue  or  green,  but 
the  fumes  will  ftill  be  red.  This  is 
the  acid  or  Jpirit  of  nitre  * j and  it  is 
fometimes  ‘ called  Glauber's  fuming  B 
Jpirit  of  nitre,  becaufe  Glauber  is 

* The  word  Ipirit  is  ufed  by  chemical  I 
writers  with  great  latitude  ; it  is  applied  to  i 
acids,  as  the  fpirit  of  vitriol,  of  nitre,  of  fea 
fait,  &c.  and  to  <volatHe  alkalies,  as  the  fpirit 
of  fal  ammoniac,  of  hartfliorn,  &c.  and  the 
inflammable  fluid  obtained  by  diftillation  from 
wine,  &:c.  is  eminently  entitled  to  the  name  of 
fpirits.  i 

gene-  i 
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generally  fuppofed  to  have  been  th& 
rhrft  inventor  of  this  manner  of  ex-^ 
|e tracing  it.  — Two  things  werediftil- 
;ied  together,  the  acid  of  vitriol  and 
mitre.  Nitre  itfelf,  we  fay,  confifts  of 
ttwo  things  ; of  a peculiar  kind  of 
iacid,  and  of  the  vegetable  fixed 
aalkali  : the  acid,  we  have  feen,  may 
be  extrafted  by  diftillation  ; there 
ought,  therefore,  to  remain,  in  the 
^ve^iel  ufed  for  the  diftillation,  the 
acid  of  vitriol  and  the  alkali  of  the 
\mtre : and  there  really  does  remain 
mothing  elfe ; for  the  refidue,  when 
tdiftblved  and  cryftallized,  is  found 
»to  be  the  very  fame  kind  of  fait,  in 
mil  its  properties,  as  would  arife 
Trom  the  dire61;  combination  of  the 
.acid  of  vitriol  with,  the  vegetable 
1 fixed  alkali.  We  need  not  wonder, 
uhat  we  do  not  find  tlie  alkali  of 
6 ti'wi 


J 
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the  nitre  and  the  acid  of  vitriol  in;  t i'’ 

^ f 

their  feparate  forms,  but  united  to-  4s 
gether  into  a particular  kind  of  fait  j <■ 
for  the  acid  of  vitriol  has  a ftrong  \ i 
difpofition  to  diffolve  all  kinds  of  j ( 
alkalies ; it  attra6ts  them  with  more  j 
force  than  they  are  attrafted  by  any 
other  acid  ; and  it  was  in  confequence 
of  this  fuperior  attraftion  of  the  acid 
of  vitriol,  that  the  acid  of  nitre  was 
difengaged  from  its  other  component 
part : the  acid  of  vitriol  expelled^ 
as  it  were,  the  acid  of  nitre  from 
the  fixed  alkali,  and  fubftituted  it- 
felf  in  its  place. 

There  are  various  other  methods 
of  decompofing  nitre,  befides  that 
which  has  been  mentioned : thofe 

who  aqua  fortis,  ufually  diftil  y 

the  nitre  in  conjundtion  either  with  J 
clay  or  with  green  vitriol,^  calcined  * 

to 
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i tto  a certain  degree.  The  acid  of  vi-- 
I ttriol  is  contained  in  many  kinds  of 
. clay,  as  well  as  in  green  vitriol  j but 
i it  leaves  both  the  clay,  and  the  iron 


I: 


I 

i 
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of  the  green  vitriol,  to  unite  itfelf 
with  the  alkali  of  the  nitre  j and  the 
acid  of  nitre  being  thus  fet  at  liberty, 
by  the  intervention  of  the  acid  of 
vitriol,  and  being  alfo  of  a volatile 
nature,  it  is  ealily  made  to  afcend 
in  vapour,  which,  being  colle6ted 
in  proper  veffels,  becomes  the  aqua 

forth  of  the  fhops. 

It  may  appear  from  what  has  been 
faid,  that  the  acid  of  nitre  and  aqua 
forth  are  but  different  names  for  the 
fame  thing  ; the  matter  is  not  quite 
fo,  unlefs  the  reader  will  underftand 
by  aqua  fortis,  pure  aqua  fortis  ; for 
whenever  the  acid  of  vitriol,  or  any 
fubftance  containing  it,  is  ufed  in 
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the  procefs  for  decompofing  nitre  by  j 
diftillation,  a portion  of  the  acid  of  c 
vitriol  is  diftilled  in  conjunction  r 
with  the  acid  of  nitre  : hence  the 

common  aqua-fortis  may  be  confi-»  *|; 
dered  as  a pure  acid  of  nitre,  mixed 
with  a portion  of  the  acid  of  vitrioL  t 
This  portion  of  the  acid  of  vitriol  is 
thought  to  render  the  aqua  fortis  i 
fitter  for  the  purpofes  of  fome  par-  ;|' 
ticular  artifts ; thus  engravers  and  etch-  i 
ers  ufe  an  aqua  fortis  which  contains  j 
about  one  tenth  of  its  weight  of  the 
acid  of  vitriol ; and  the  proportion  j 
of  acid  of  vitriol,  which  enters  into 
the  aqua  fortis  ufed  by  dyers,  is  ftill 
much  greater.  It  is  necefiary  for 
refining  filver,  and  for  many  other 
purpofes,  to  have  the  acid  of  nitre 
■quite  pure.  This  may  be  effeCted, 
either  by  purifying  the  common 
“ aqua 
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•aqua  fortis  by  various  means  well 
ji-dcnown  to  chemifts,  or  by  diftilling 
nitre  with  fome  fubftance  which 
[ccontains  no  acid  of  vitriol  ; for 
I tthough  it  be  certain,  that  the  acid 
Qf  vitriol  IS  very  ferviceable  in  dif- 
tengaging  the  nitrous  acid  fiom  its 
Ibafis,  yet  it  is  alfo  certain,  that  the 
; nitrous  acid  may  be  difengaged, 
'without  the  affiftance  of  the  vitriolic 
.acid  : thus  I remember  having  many 
'years  ago  obtained  a very  ftrong 
^fuming  acid  of  nitre,  by  diftilling 
nitre  with  white  Jand,  which  con- 
tains no  acid  of  vitriol. 

The  i artificial  compofition  of  nitre 
is  eafily  effeaed.  Take  a portion  of 
the  nitrous  acid,  and  pour  it  into  a 
folution  of  pot-afh,  of  fait  of  tartar, 
or  of  any  other  vegetable  fixed  alka- 
li, till  no  more  effervefcence  is  ob- 

ferved  : 
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ferved  ■:  evaporate  and  cryftallizc 
the  compound,  and  you  will  obtain 
a perfedt  nitre.  This  is  ufually 
called  a regenerated  nitre  j and  we. 
may  often  fee  cryftals  of  nitre  al- 
moft  inftantaneoufly  produced,  by 
mixing  a folution  of  pot-afh  with, 
a nitrous  acid  of  a due  degree  of 
ftrength. 

In  time  of  war  with  an  enemy  who 
has  plenty  of  pot-afh,  but  no  falt- 
petre,  the  fupplying  him  with  aqua 
fortis  ought  to  be  prohibited  under 
as  fevere  penalties  as  the  fupplying 
him  with  falrpetre  itfelf ; becaufe, 
if  he  can  procure  the  aqua  fortis,  it 
will  be  an  eafy  matter  for  him,  by 
mixing  it  with  his  pot-afh,  to  make 
regenerated  nitre.  The  nitre  may 
come  a little  dearer  to  him  than  com- 
mon nitre  would  do  j but  it  is  at  the 

fame 
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fame  time  purer,  and  fitter  for  the 
I preparation  of  gunpowder. 

Though  chemiftry  exhibits  to  us 
a great  variety  of  ftriking  phasno- 
mena,  yet  there  is  none  more  fur- 
prifing  than  that  which  attends  the 
mixing  of  the  fuming  acid  of  nitre 
with  oil  of  turpentine.  If  you  mix 
thefe  two  fluids  together  in  the 
fevereft:  weather,  and  when  they  are 
feverally  colder  than  ice,  you  will 
fee  them  inftantaneoufly  catching 
fire,  and  burfting  forth  into  a dread- 
ful flame.  This  experiment  does 
not  always  fucceed  with  the  acid  of 
nitre  which  may  ordinarily  be  pro- 
cured from  the  Ihops,  becaufe  it  is 
feldom  fufficiently  ftrong ; but  when 
it  does  fucceed,  there  is  great  danger 
in  making  it,  efpecially  if  the  quan- 
tities which  are  mixed  together 

amount 
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amount  even  to  a few  ounces,  > I , 
have  feveral  times  feen  a thick  i 

; i 

column  of  flame  and  fmoke,  above  | 
twenty  feet  in  height,  inftantane-  I 
oufly  produced,  by  pouring,  at- once,  ■ 
a pint  of  the  fuming  acid  of  nitre  I 
on  a pint  of  oil  of  turpentine.  Who^  ^ 
ever  undertakes  to  make  a flmilar  : 


inflammation,  would  do  well  to 
ufe  the  precaution  of  faftening  the 
^veflel  containing  the  acid  to  the 
end  of  a long  pole,  to  prevent  his 
•being  burned  by  the  drops  of  in- 
flamed oil,  which  are  difperfed,  la- 
terally, by  the  explofion,  to  a 2:reat 
'diftance. 

Borruhius,  in  the  year  1671,  is 
thought  to  have  been  the  firfl:  perfdn 
who  noticed  the  phasnomenon  here 
fpoken  of : fince  that  time  the  che- 
' mifts  of  all  countries  have  employed 

much 
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much  attention  in  repeating  and  di- 
verfifyingthis  celebrated  experiment. 
In  the  Philofophical  Tranfadlions 
for  1699,  we  have  a table  expref- 
fingj  at  one  view,  the  effedt  which 
the  acid  of  nitre  has  upon  a variety 
of  other  oils,  as  well  as  upon  the 
oil  of  turpentine : we  there  find 

enumerated  12  forts  of  oils,  which, 
when  mixed  with  acid  of  nitre,  effer- 
vefced,  and  exploded  with  a flame ; 
18  forts  which  effervefced,  but  did. 
not  take  fire;  and  9 forts  which 
neither  effervefced  nor  took  fire.  In 
addition  to  the  information  contain  - 
ed  in  this  table,  we  are  indebted  to- 
the  French  chemifts,  for  a variety 
of  interefting  memoirs-on  the  inflam  • 
mation  of  oils*,  both  by  the  fimple 
nitrous  acid,  and  by  that  acid  when 
mixed  with  the  acid  of  vitriol.  The 
VOL.  I.  R reader 
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reader  will,  perhaps,  be  fatlsfied 
with  a general  reference  to  the  moft 
approved  authors  * on  the  fubjedt; 
efpecially  as  there  is  not  any  very 
fatisfadtory  folution  given  of  the  phe- 
nomenon. 

We  know  that  a piece  of  iron  may 
be  hammered  till  it  glows  with  heat; 
that  the  axle-tree  of  a carriage  may 
be  fo  heated,  by  the  rapidity  of  the 
motion,  or  the  violence  of  the  fric- 
tion as  to  inflame  the  wood  conti- 
guous to  it ; that  two  pieces  of  wood 

may 

* See  Mem.  de  1’  Acad,  de  Par.  Ann. 
1701.  1726.  1747.  and  Macquer’s  Elem.  of 
Chem.  Vol.  II.  p.  149.  Eng.  Tranf.  and 
efpecially  Muffchenbroek’s  Additions  to  the 
Experiments  of  the  Florentine  Academy.  This 
mduftrious  philofopher  has  there  given  us 
above  200  different  experiments,  illuflrating 
the  change  of  temperature  arifing  from  the 
mixture  of  water;  of  fpirits  of  wine ; of  vine- 
gar ; of  the  mineral  acids ; with  a great  variety 
of  other  bodies. 


i 
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may  by  frid;ion  be  made  to  take  fire  ;■ 
and  we  infer  from  thefe,  and  other, 
appearances  of  the  fame  kind,  that 
the  motion  excited  by  the*  adbion  of 
particular  acids  upon  particular  oils, 
is  fufEcient  to  produce  that  .degree 
of  heat  which  is  requilite  to  inflame 
the  oils.  , 

It  does  not  feem  to  be  a Ample 
mixture  of  two  ingredients  which 
produces  heat ; they  muft  a6t  upon 
each  other  in  a manner  different  from 
what  accompanies  a Ample  mixture, 
and  this  adtion  does  not  always  take 
place  immediately.  Thus,  if,  we 
mix  2 parts  of  fpirit  of  wine  wpth 
I part  of  frefli  fuming  acid  of  nitre, 
the  mixture  will,  often  remain  c61(J 
for  near  ten  minutes,  but  it  will  at 
laft  begin  to  acquire  a great  degree 
of  heat,  and  it  will  boil  with  gre;aj[; 

R 2 violence* 
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violence  for  a confiderable  length  of 
time.  In  like  manner,  by  mixing 
together  equal  bulks  of  ftrong  acid 
of  vitriol  and  water,  we  may  excite 
a degree  of  heat  greater  than  that 
in  which  water  boils : but  it  is  not 
a fimple  mixture  which  takes  place  v 
on  this  occaiion,  the  very  texture 
of  the  bodies  feems  to  be  broken ; 
for  the  compound  occupies  lefs  fpace 
than  what  the  two  ingredients  would 
have  occupied,  had  there  only  been 
a fimple  mixture.  A pint  of  water 
mixed  with  a pint  of  oil  of  vitriol 
will  not  make  a quart,  as  it  would 
do,  if  mixed  with  a pint  of  milk ; 
but  then  no  heat  would  attend  its 
mixture  with  milk,  and  a very  great 
degree  of  heat  attends  its  mixture 
with  the  acid  of  vitriol.  It  cannot 
be  laid,  that  the  acid  of  vitriol  is  re- 
ceived 
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ceived  into  the  pores  of  the  water; 
for  then  a fmall  portion  of  acid 
might  be  diffblved  in  a large  portion 
of  water,  without  augmenting  its 
bulk  * ; but  the  very  form  of  the 
bodies  is  changed ; there  is,  in  the 
words  of  Dr.  Hooke,  (who  firft  ob- 
ferved  that  acid  of  vitriol  and  water 
when  mixed  together  polTelTed  lefs 
fpace  than  when  feparate)  a penetra- 
tion of  dimenfions\. — Is  heat  ever  ex- 
cited by  the  mixture  of  two  fluids, 
when  the  bulk  of  the  compound  is 
equal  to  the  fum  of  the  bulks  of  the 
two  ingredients  ? 

Strong  acid  of  nitre,  when  mixed 
with  common  water,  or  with  fnow 
water,  produces  a great  degree  of 
heat;  when  mixed  with  water  con- 

R 3 gealed 

* Philof.  Tranf.  1770.  p.  353* 

J Hauklbee^s  Exp.  Ed.  1719*  p»  ^94* 
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gealed  into  ice^  or  fnow.  It  produces 
the  greateft  degree  of  cold  which  has 
even  been  obferved  on  the  furface  of 

I 

the  earth  ; and  this  property  of  the 
acid  of  nitre  has  given  occahon  to 
one  of  the  fineft  difeoveries  of  the 
prefent  century, — the  converfion  of 
quickfilver  into  a malleable  metal. 

In  the  year  1759,  upon  the  14th 
day  of  December  old  ftile,  there  was 
obferved  a greater  degree  of  natural 
C0I4  at  Peterjhurgh,  than  had  ever 
before  been  noticed,  fince  the  time 
that  the  Academy  had  kept  Me- 
teorological regifters ; Fahrenheit’s 
thermometer  ftanding  at  66  degrees 
below  the  freezing  point.  In  a few 
days  the  cold  grew  more  intenfe,  fo 
as  to  make  the  thermometer,  on  the 
26th  of  the  fame  month,  fink  to  74-^ 
degrees  below  freezing.  This  is 

efieemed 
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cfteemed  the  greateft  degree  of  no^ 
tural  cold  which  has  hitherto  been 
obferved  at  Peterlburgh,  This  cold, 
though  very  great  when  compared 
with  what  w'e  experience  in  Eng- 
land in  the  fevereE  feafons,  is  far 
lefs  than  w'hat  is  ordinarily  felt  in 
Siberia ; 1 20  degrees  below  the  freez- 
ing point,  having  been  often  ob- 
ferved; and  on  the  5th  of  January 
1735,  thermometer  fell  to  157 
degrees  below  freezing*.  When  this 
degree  of  cold  was  firft  publifhed  to 
the  world  by  Gmeliniis,  who  made 
the  obfervation  at  JeneJeiJk,  many 
R.  4 fuf- 

* In  the  treatife  (Novi  Commen.  Petrop. 
Tom.  XI.)  from  which  this  account  is  princi- 
pally extra£led,  the  degrees  of  heat  and  cold 
are  eftimated  upon  the  fcale  of  De  Lifle’s  ther- 
mometer; but  Fahrenheit’s  being  more  knowiu 
in  England,  I have  every  where  fubftituted  ^ 
the  correfponding  degrees  of  Fahrenheit’s  fcalcr- 
in  the  place  of  the  other. 
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fufpedted  the  truth  of  the  account,  j 
or  queftioned  the  accuracy  of  the  f 
obfervation ; but  their  fufpicions 
were  ill  founded,  for  an  equal,  if 
not  a greater  degree  of  cold  was  ob- 
ferved  in  Sweden  in  1760'f' ; and  we 
fhall  fee  prefently  that  a cold  even 
greater  than  what  is  here  mentioned, 
has  been  experienced  in  other  places 
of  Siberia,  as  well  as  at  Jenefeilk. 

Fahrenheit  in  1729  had  tried  what 
degree  of  artificial  cold  he  could 
produce,  by  diflblving  pounded  ice 
in  flrong  acid  of  nitre : and  he  was 
very  much  furprifed  at  the  event  of 
his  experiments,  for  the  quickfilver 
funk  to  72  degrees  below  the  freez- 
ing point.  Boerhaave  calls  this  dif- 
coVery  a thing  incredible  before,  and 

alks 

t Novi  Comm.  Petrop.  Tom,  VI,.  p.  39* 
Sum.  Dii. 
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afks  with  aftonifhment,  what  mortal 
could  ever  have  thought  of  it  ? Na- 
ture, fays  he,  had  never  produced  a 
degree  of  cold  greater  than  32  de- 
grees below  freezing;  and  all  ani- 
mals and  vegetables  expofed  to  fuch 
a feverity  of  cold  inftantly  perifli- 
ed  In  this  obfervation  Boerhaave 
was  certainly  miftaken ; for  both 
animals  and  vegetables  can  exift  in 
degrees  of  cold  which  are  far  fupe- 
rior  even  to  the  utmoft  artificial 
cold  which  Fahrenheit  produced. 
Several  philofophers  have,  at  dif- 
ferent times,  repeated  Fahrenheit’s 
experiment,  but  without  being  able 
to  produce  a greater  degree  of  cold 
than  he  had  done, 

ProfefiTor  Braun,  at  laft,  on  the 
14th  of  December,  in  the  year  be- 
fore 


* Boerh,  Chem,  Vol.  I,  p,  162, 
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fore  mentioned,  began  his  experl^ 
ments,  with  no  other  view  than  that 
of  producing  a greater  degree  of  cold 
than  any  perfon  had  done  before 
him;  for  he  rightly  conjedtured, 
that  the  greater  the  degree  of  natural 
cold  prevailing  in  the  air,  the 
greater  would  be  that  of  the  artificial' 
cold.  With  this  defign  he  followed, 
in  his  firft  attempts,  the  procefs  of 
Fahrenheit,  pouring  the  acid  of  nitre 
on  powdered  ice ; and  he  fucceeded 
to  his  wilhes,  having  made  the  mer- 
cury link  to  100  degrees  below  the 
freezing  point.  With  hopes  of  pro- 
ducing a ftill  more  remarkable  cold, 
he  continued  his  experiments;  in 
the  courfe  of  which,  having  ufed  all 
his  powdered  ice,  he  fubftituted 
fnow  in  its  ftead,  and  to  his  infinite 
furprife  and  fatisfadtion,  he  found 

the 
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the  mercury  had  defcended  to  384 
degrees  below  freezing.  Sufpedt- 
ing  that  his  thermometer  was  broken, 
he  took  it  out  of  the  mixture,  and 
found  it  uninjured ; but  he  was  be- 
yond meafure  aftoniihed  at  feeing 
the  quickfilver  remain  for  fome  time 
immovable  in  the  tube  : it  did  not 
begin  to  afeend  till  it  had  flood 
above  12  minutes  in  a warm  room. 
He  communicated  this  difeovery  to 
the  Academy  at  Peterfburgh,  on  the 
lylh  of  .the  fame  month,  and  dated 
the  congelation  of  quickfilver  as  a 
probable  truth ; for  he  had  con- 
cluded it  to  be  frozen,  from  its  re- 
maining for  fo  long  a time  immov- 
able  in  a warm  air.  In  a few  days 
he  repeated  his  experiments,  and 
purpofely  breaking  the  bulbs  of  fe- 
'Vcral  thermometers,  he  obferved  the 

mercury 
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mercury  to  be  congealed  in  them  alb 
This  congealed  mercury  refembled  the 
moil  polilbed  iilver  in  luilre;  was 
in  found  and  confiilency  like  lead  ; 
for  he  hammered  it,  and  cut  it  with 
a knife,  before  the  heat  of  the  at- 
mofphere  reduced  it  to  its  former 
fluid  ilate.  This  wonderful  difco- 
very  excited  the  attention  of  his  col- 
leagues in  the  Academy  ; his  expe- 
riments were  fuccefsfully  repeated 
by  feveral  of  them  ; and  it  was  fur- 
ther obferved,  that  folid  mercury 
funk  in  fluid  mercury,  after  the  man- 
ner of  metallic  fubftances  in  general. 

The  congelation  of  quickfllver, 
.notwithftanding  the  accurate  ac- 
count given  of  it  by  Braun,  and  the 
many  eye-witneflTes  of  the  fadl,  has 
been  queftioned  by  counfellor  Leh- 
man of  Peteriburgh,  According  to 

his 
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his  obfervation,  “ the  mercury  em- 
ployed by  profciTor  Braun  in  his 
experiments,  was  diftilled  in  the 
common  way,  through  water,  and 
the  water  only  was  frozen,  and  not 
the  mercury  itfelf ; but  having  em- 
ployed mercury  diftilled  without 
water,  and  carefully  purified  from 
all  watery  particles,  the  mercury 
would  not  congeal,  although  com- 
mon mercury  did  freeze  when  fet 
in  fnow  mixed  with  fpirit  of  nitre, 
or  fpirit  of  fal  ammoniac  In  re- 
liance upon  the  juftnefs  of  this  ob- 
fervation,  it  has  been  affirmed  that 
mercury  is  a femi-metal,  which 
continues  fluid  in  the  moft  intenfe 
freezing,  either  natural  or  artificial, 

or 

* Counfellerl^hman’s  Obfervations,  quoted 
by  Dr.  Forfter,  in  his  Introduftion  to  Minera- 
logy, J768.  p.32. 
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or  when  both  are  combined.”  I do;  I 
not  think  this  objedtion  of  counfel- 
lor  Lehman  of  much  weight,  when  j 
put  in  competition  with  the  great  j 
number  of  experiments  which  Braun  I 
appears  to  have  made  with  accuracy,  ' 
and  related  with  fidelity.  He  him-  \ 
felf  hints  at  this  obje<5tion,  in  the  i 
fupplement  which  he  publifhed  to 
the  account  of  his  difcovery ; but 
he  does  not  formally  refute  it,  as 
not  thinking  it  of  fufficient  confe- 
quence  The  vapour  of  diftilled 
mercury  is  indeed  generally  con- 
denfed  in  water;  but  the  mercury 
is  afterwards  ftrained  through  lea- 
ther, and  otherwife  cleanfed ; fo  that 

I do 

* Cogitarunt  quidam  mercurium  forlitaa  I 
vel  ob  impuritatem,  vel  ob  admixtam  mercu-  | 
rio  aquam  congelari,  fed  haec  hypothefis  qviain  | 
quidam  fumferant,  eft  falfilTima,  omnem  in  I 
corporibus  fieri  congelationem  ob  aquam  con-  | 
tentam.  Novi  Com.Petro.  Tom.  XL  p.  30;.  I 


. I 

i 
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I do  not  apprehend  that  it  contains 
any  water,  efpecially  that  which  is 
ufed  in  thermometers  j for  in  mak- 
ing of  thermometers,  the  mercury 
is  expofed  to  a great  heat,  which 
ould  effediually  diffipate  any  par- 
ticles of  water,  if  any  were  left  ad- 
hering to  it. 

The  author  of  this  fine  difcovery 
has  made  many  experiments,  in  or- 
der to  determine  what  is  the  fmalleft 
degree  of  natural  cold  which  is  re- 
quifite  to  make  the  congelation  of 
quickfilver  by  an  artificial  cold, 
arifing  from  the  mixture  of  acid  of 
nitre  and  fnow,  fucceed  ; and  he  is 
of  opinion,  that  the  degree  of  na- 
tural cold  ought  not  to  be  lefs  than 
30  degrees  below  the  freezing  point, 
to  make  the  congelation  begin  ; and 
that  it  ought  to  be  42  degrees  be- 
low 
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low.  freezing,  to  make  the  conge-  ;j 
lation  complete.  It  Teems,  if  we 
may  rely  upon  thefe  experiments, 
that  we  can  have  very  few  oppor- 
tunities of  attempting  on  rational 
grounds  to  freeze  quickfilver,  by  i 
means  of  fnow  and  acid  of  nitre ; ' 

, X 

for  it  very  rarely  happens  that  the  j 
natural  cold  in  England  is  30  de-  | 
grees  below  the  freezing  point,  at  > 

. lealt  near  the  furface  of  the'  earth. 
This  reftridlion  is  added  on  account 
of  fome  obfervations  which  are  faid 
to  have  been  made  at  Glaf^ow,  in 
January  1780.  On  the  14th  of  that 
month,  at  fix:  o’clock  in  the  morn- 
ing, a thermometer  placed  upon  the 
fnow  in  the  obfervatory  park,  flood 
at  ^5  degrees  below  freezing,  whilfl  J 
one  laid  upon'  the  fnow  near  the  I 
furface  of  the  earth,  was  only  18  I 
1 degrees  1 


(273  ) 

* 

degrees  bdow  freezing.  — This 
difference  probably  proceeds  from 
hence,  that  the  body  of  the  earth 
warms  the  air  which  is  contiguous 
to  it,  and  thus  countera6ls  the  cold,- 
which  may  be  accidentally  gene- 
rated in  the  atmofphere,  more  pow- 
erfully near  its  furface,  than  at  any 
great  height  above  it.  It  would 
be  worth  while  to  obferve  the  tem- 
perature of  the  air,  at  the  bottom 
and  at  the  top  of  the  Monument^ 
or  any  other  high  building  in  the 
form  of  an  obelifit,  at  all  feafons  of 
the  year,  efpecially  in  winter  time, 
as  greater  degrees  of  cold  may  pro^ 
bably  prevail,  from -the  fall  of  fnow 
and  other  caufes  in  the  air,  at  the 
top  of  an  high  building  than  at  the 
bottom,  efpecially  if  the  building 
tapers  up  into  a point,  fo  as  not  to 
r.  b aword 
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afford,  a great  mafs  of  matter  to  heat  j 
the  ambient  air.  | 

The  precife  degree  of  cold  requi- 
fite  to  freeze  mercuryj  Cannot  be  af- 
certained  on  account  of  the  fudden  i 
and  irregular'  contradtions  which  it  . 

is  obferved  to  fuffer,  juft  before  it  : 
begins  to  befolidj  it  continues  to  | 
defcend,  after  the-  part  contiguous  ; 

to  the  bulb  of  the  thermometer  be-  j 
gins  to  freeze;  but‘ probably,  not 
lefs  .than  600  degrees  below  freezing 
are  reqiii.fite  to  congeal  it  wholly.  ; 

It  is  remarkable,  that  oil  of  fafiafras 
wood,  of  chamomile  flovv-ers,  the 
liquor  which  remains  from  the  boil- 
ing'of  fea  , fair,  and  feveral  other 
fluids,  continued  uncongealed,  in  the 
fame  degree  of:  coldi  in  \yhich"mer- 
•oury  was  frozen , v . 

" i ’.  V 

. on,  ' Since 
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Since  the  difcovery  of  the  congela- 
tion of  quickfilver  made  by  profelTor 
Braun,  philcifophers  have  been  very 
attentive,  in  many  places,  to  effed 
the  fame  thing  by  the  fame  artificial 
means  j'  and  they  have  fucceeded  iri 
■fome  places,  particularly  at  Albany 
fort  in  Hudfon’s  Bay,  where  quickfil- 
ver was  frozen  by  Mr.  Hutchins  on 
the  19th  of  January,  1775,  the  cold 
of  the  air  then  being  60, degrees  be- 
low the  freezing  point.  In  this  ac- 
count it  is  obfervedj  that  the  ftandard 
thermometer,  when  taken  out  of  the 
mixture  of  acid  of  nitre  -and  fnow, 
fell  10  decrees  lower  than  when  the 
bulb-  was  iiTtmerfed  in  the  mixture. 
A fimilar  phenomenon  had  been  ob'- 
lerved  by  profelTor  Braun  more  thaii 
once;  and  he  accounts  for  it  frortl 
the  acid’s  continuing  to  dilTolve  the 
* ^ : s .a  fnow 
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fnow  adhering  to  the  thermometer.  | 
May  it  not  proceed  from  the 
c^uicknefs  with  'which  the  moifture 
adhering  to  the  bulb  of  the  ther- 
mometer, is  evaporated,  in  confe- 
quence  of  the  great  warmth,  of  the 
•air  when  compared  with  the  cold- 
nefs  of  the  moifture''^'?  The  Ruf- 
fians being  more  favourably  fituated 
•than  moft  other  philofophers,  for 
making  experiments  on  the  effeds 
of  cold,  it  is  from  them  that  we 
muft  ^peft  the  further  profecu- 

I 

-tion  of  this  fubjehl;  I will  therefore  | 
lav  before  the  reader,  an  account  of  ; 
.the  .cotigelation  of  quickfilver,  by  | 
the  natural  coldnefs  of  the  atmo-  i 
fphere,  which  prevailed  at  Kraf7toy’-  I 
arjk^  in  the  fouthern  part  of  the  I 
province,  of  ^oholfn:  the  account 

• Phi'of.  Traa^.  1776,  p.  174  & 590. 
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is  tranflated  from  M.  Pallas's.  .Tout 
through  Siberia,  Vol.  TV.  Part  iii. 

1763- 

The  winter  begun  this  year 
very  early,  and  was  felt  with  uncom- 
mon feverity  in  the  month  of  De- 
cember. On  the  6th  and  7 th  of  that 
month,  there  was  the  hardefb  froft 
that  I have  ever  obferved  in-  Sibe- 
ria; the  air  was  calm,,  and  as  it 
were  thickened ; fo  that  in  a quite 
.clear  Iky,  the  fun  was  feen  as  through 
a fog.  On  the  fixth  in  the  morningj 
I,  obferved  my  thermometer,  which 
.had  been  carefully  made,  but  was 
not  graduated  above  I02  degrees 
below  freezing ; the  o^uickfilver  was 
funk«  into  the  bulb,  except  fome 
fmall.  .pieces  which  clodded  to- 
gether, and  ftuck  in  the  ftem  : this 
•was  an  accident  which  I had  never 
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experienced  with  the  fame  thermo - 
meter,  though  I had  ufed  it  eigitt 
years.  Upon  carrying  the  thermo- 
meter iiTto  a warm  room,,the  clodded 
pieces-  fell  immediately  into  the 
bulb,  but  the  quickfilver  did  not 
begin  to  afeend  till  near  a minu:e 
after.  I repeated  this  experiment 
feveral  times  with  the  fame  fuccefa, 
there  remaining  in  the  tube  fome- 
times  only  one,  fometimes  feveral 
little  pieces  of  frozen  quickflver. 
When  the  quickfilver  in  the  bulb 
was  warmed  by  the  application  of  a 
finger,  it  prefently  rofe;  and  it  was 
plainly  feen,  that  the  part  which  was 
frozen  in  the  ftem  refifted  the  rife 
of  the  quickfilver  a confiderable 
time,  and  was  at  laft-thrufl:  upwards, 
afeending  with  a fort  of  violence.  I 
expofed  to  the  cold  about  a quarter 

©f 
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of  a pound  of  quickfilver  in  an  open 
velTel ; the  quiekfilver  had  been 
cleanfed  as  much  as  pofEble  by  vi-. 
negar  and  leather,  and  it  was  well 
dried : in  lefs.  than  an  hour  its  fur- 
face  was  frozen,  and  in  fome  mi- 
nutes after  it  was  all  condenfed  by 
the  natural  cold  into  a foft  fubfiance 
like  pewter.  When  the  inner  part 
was  yet  in  a fluid  flate,  the  furface 
being  broken,  was  wrinkled  in. fome 
places,  but  the  greatefl  part  remain- 
ed pretty  even  in  freezing,  as  was 
the  cafe  alfo  with  a larger  quantity 
of  quiekfilver,  which  was  frozen 
upon  another  occafion.  The  frozen 
matter  of  quiekfilver  was  more  flexi- 
ble than  lead.,  but  more:  bri tile  chan 
pewter,  and  w'hen  hammered  into 
thin  plates,  it  feemed  fomewhat  .gra- 
nulated i but  if’the  hammer  was  not 
S 4 


perfeftly  cooled,  then  the'-quickfil- 
vcr  glided  from  it  in  drops;  the  fame 
happened' if  it  was  touched  by  the 
finger.  In  a warm  room  the  quick- 
filver  thawed  like  wax  over  the  fire> 
and  did  not  melt  all  at  once.  If  the 
frozen  mafs  was  broken  in  the  cold,  ' 
the  pieces  clung  together  and  ftuck 
to  the  fides  of  the  vefTel  wherein  : 
they  were  placed.  Though  the  froft  I 
towards  the  night  feemed  to  abate  a i 
little,  yet  the  frozen  quickfilver  .re-  j 
mained  unaltered,  and  the  experi- 
ment with  the  thennometer  could 
hill  be  repeated.  On  the  yth  of 
December  I had,  during  the  whole 
day,  occafion  to  make- the  fame  re- 
marks; but  fome  hours  after  fun- 
fetting,  there  came  o;i  a north-weft 
-wind,  which  raifed  the  thermometer 
to  78  degrees  below  freezing,  when 

the 


the  'quicfefilver  begun’’  t5 
Shortly  after  this,  I was  favou’fbti 
with  an  account  from  M.  Lieutenarit 
General  de  Bril^  Governor  of  Irkuzk, 
that  in  the  fame  town  at  4 o’clock 
in  the  morning  of  the  9th  of  De- 
cember, the  mercury  had  been  found 
laft  frozen,  both  in  the  thermome- 
ter and  barometer,  both  of  which 
had  been  made  by  profefTor  Lax- 
man  when  he  refided  in  Siberia.  It 
flood  in  the  barometer  27  inches  7 
lines,  and  the  upper  five  lines  were 
quite  broken,  but  it  was  liquid  again 
at  1 1 in  the  forenoon.  The  thermo- 
meter was  clodded  at  76  degrees  be- 
low freezing;  and  under  the  91ft 
degree  below  freezing  there  was  an 
empty  fpace  of  near  1 1 degrees.  To- 
wards 1 1 o’clock  all  was  gone  into 

' , I 

the  globe;  and  at  one  o’clock  when 

. -m 

It 
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it  was  again  come  into  motion,  it 
ihewed  124  degrees  below  freez- 
ing”. 

From.thefe  difeoveries  of  the  Ruf- 
fians we  are  fully  authorized  in  con- 
fidering  quickfilver  as  a metal,  which 
requires  a greater  degree  of  cold  to 
keep^  it  in  a folid  (late  than  is  or- 
dinarily met  with  upon  the  furface 
of  the  earth  : gold,  and  filver,  and 
iron,  if  carried  nearer  to  the  fun, 
would  be  perpetually  fluid  j and 
quickfilver,  if  removed  further  from 
it;,  would  be  perpetually  folid  ; nay, 
it  may  be  fairly  doubted,  I think, 
^yhether  there  may  not  be  elevated 
places  upon  the  furface  of  the  earth 
cold  enough  to  keep  quickfilver  in 
a folid  ftate,  at  leafl:  during  the 
greateft  fcverity  of  winter. 
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ESSAY 


ESSAY  VIIL 


OF  THE  manner  QF  MAKING  SALT- 
PETRE IN  EUROPE,  AND  OF  ITS 
GENERATION. 


SALTPETRE  enters  in  a large 
proportion  into  the  compofition 
of  gunpowder;  hence,  after  the  dif- 
covery  of  gunpowder,  all  the  Rates 
-of  Europe  were  eager  in  their  endea- 
vours to  amafs  large  quantities  of 
faltpetre,  and  Rudioufly  Ibught  out 
various ’metkods  of  preparing  it;  for 
faltpetre  is  by  many  looked  upon  as 
the  produdUon  of  art  -rather  than  of 
nature. 


Gun- 


•»  ; 
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Gunpowder  was  very  probably:  j |C 
ipade.  in  England  fo  early  as  the  year  j p 
1417.  In  Henry  V.*s  diredions  for  ! s 
equipping  his  fleet  with  all  requifltesy  j | 
under  the  general  name  Jhiffuray  we?  ; 
find  mention  made  of  Carhonariiy  andi  i 

K ’ 

viginti  fiparum  de  fulvere  de  carho-  | 
nihus  falicis'^  \ thefe  twenty  pipes  of  i 
willow-coal  powder,  could  be  for  no 
other  purpofe,  one  would  think,  than 
for  the  making  of  gunpowder,  if 
gunpowder  itfelf  did  not  come  under 
that  denomination.  Three  years  be- 
fore this,  a proclamation  had  been 
iflTued,  forbidding  the  exportation  of 
gunpowder ; and  in  thofe  early  ages, 
of  commerce,  it  may  be  thought  un-- 
likely  that  gunpowder  would  be  firfl 
imported  into  England,  and  jthen 
exported  again.  Hollingfhed,  in  his 

Chro- 

> rf  ' 

* Rymer’s  Fader. 
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Chronicle,  fpeaks  of  the  Capthfe'of 
two  French  veiTels  in  1386,  with  a’ 
great  quantity  of  gunpowder,  which, 
he  fays,  was  more  worth  than  all  the 
r.efl:  -of  the  cargo  ; but  had  no  gun- 
powder been  then  made  in  England,  ' 
it  would  have  been  natural  for  him  to 
have  mentioned  that  circumftance. 
This,  however,  is  mere  conje6lure, 
and  a more  diligent  fearch  into  anti- 
quity may,  perhaps,  fliew  it  to  be  ill 
founded.  There  is  a diverfity  of  tef- 
timony  on  this  fubjedt ; one  author* 
alTerting,  that  queen  Elizabeth  was 
the  firfl:  of  our  princes  who  caufed 
gunpowder  to  be  made  in  England; 
anotherf  informing  us,  that  a houfe 
near  the  Tower,  in  which  gunpowder 
■was  made,  was  blown  up  in  the  reign 

of 

* Baker’s  Chron.  p.  399.  Edit.  1696', 
Hdlingfhetl^s  Chrcn.  year  1352. 
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of  Edward  the  Sixth,  and  fifteen 
gunpowder-makers  (lain  by  the  ac- 
cident. But,  whenever  gunpowder 
was  fir  ft  made  in  England,  it  is  not 
without  reafon,  that  we  fuppofe  it  to- 
have  been  made  of  faltpetre  manu-- 
fadfured  in  England;  fince  it  is  not 
afall  likely  that  any  foreign  power 
would  permit  the  exportation  of  fo 
important,  and,  at  that  period,  fa 
fcarce  a commodity. 

Before  fuch  large  quantities  of 
faltpetre  were  imported  from  the 
Eaft  Indies,  the  manufadluring-of  it 
in  England 'was- 'much  atterided  to; 
thoughdc  appears,  from  a proclama- 
tion of  Charles  the  Firft,  in  the  year 
1627,  that  the  faltpetre-makers  were'' 
never- abJe.to  furnifh  the  realm  with’ 
one- third  part  of  the  faltpetre  re- 
quifite,-  efpccially  in  time  of  war.  . 

, . . Xhis 
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'This  proclamation  was  iiTued  in 
1627,  in  confequence  of  a patent 
grantedj  in  the  year  1625,  to  Sir. John 
Brooke  and  Thomas  RulTelj  for  mak- 
ing faltpetre  by  a new  invention*. 
In  this  new  invention,  great  ufe  was 
made  of  all  forts  of  urine  •,  for  the 
proclamation  orders  all  perfons  to 
fave  the  urine  of  their  families,  and- 
as  much  as  they  could  of  that  of  their 
cattle,  to  be  fetched  away,  by  the 
patentees  or  their  alhgns,  once  in 
twenty-four  hours  in  the  fummer,  and 
in  forty  eight  hours  in  the  winter  fea-. 
fon.  This  royal  proclamation  was  no 
frnall  inconvenience  to  the  fubje6lj 
but  it  was  not  fo  great  a one  as  that, 
by  which  the  faltpetre- makers  were 
permitted  to  dig  up  the  floors  of  all 
dove-houfes,  ilables,  &c.  the  pro- 
prietors 


* 'Kymer’s  Feed,  Tom,  XVHII.P*  813. 
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prietors  being  at  the  fame  time  pro- 
hibited from  the  laying  of  fuch  floors 
with  any  thing  but  mellow  earth. 
To  this  grievance  all  perfons  had 
been  fubjefted  by  a proclamation  in 
1625,  which  was  revived  in  its  chief 
extent  in  1634,  the  new  invention 
not  having  anfwered  the  purpofe  for 
which  the  patent  had  been  granted  j 
■ and  it  was  not  till  the  year  1656,  that 
' an  a6l  of  parliament  paflfed,  forbid- 
ding the  falcpetre-makers  to  dig  in 
houfes  or  lands,  without  leave  of- 
the  owners. 

< As  in  England  the  earth  impreg-.. 
nated  with  the  dung  of  pigeons,  the 
urine  of  cattle,  &c.  was  formerly  fup- 
pofed  to  belong  to  the  crown  ; fo  in 
France,  the  rubbilh  of  all  old  houfes, 
the  mellow  earth  of  flables,  cellars^  . 
&c.  does  at  prefent  belong  to  the 

king. 
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king.  In  the  dominions  of  the  king 
of  Pruflia,  and  in  many  parts  of  Ger- 
many, the  inhabitants  are  obliged 
to  build  mud  walls  of  any  fat  earth 
mixed  with  ftraw  ; and  ^thefe  walls, 
in  a longer  or  Ihorter  time,  accord- 
ing to  the  quality  of  the  materials  of 
which  they  are  built,  and  the  fitua- 
tion  in  which  they  are  placed,  be- 
j come  impregnated  with  faltpetre. 
i There  are  a great  many  materials 
^ from  which  faltpetre  may  be  made; 

I in  general,  all  animal  and  vegetable 
I fubftances,  when  mixed  with  lime- 
! flone  earths,  or  marks  of  different 

! forts,  in  fuch  proportion  as  to  excite 
a putrefadfion  in  the  mafs,  are  pro- 

Iper  for  this  end.  The  parts  of  ani- 
mals, without  any  addition  of  earth, 
are  faid  to  yield  faltpetre  by  putre- 
fadlion ; urine  flightly  putrefied  gives 
VOL.  I.  T fait- 
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-fakpet're  m a fmall  quantity;  being 
fuily  putrefied  it  yields  it  more  abun- 
dantly*. Kunckel  took  frefh  blood, 
and  left  it  to  putrefy  in  a warm  place 
till  it  was  reduced  to  earth  ; he  ob- 
tained, by  this  means,  above  five 
pounds  of  faltpetrefrom  one  hundred 
-pounds  of  blood  -f.  If  this  experi- 
-ment  may  be  generally  relied  on,  it 
might,  ^perhaps,  be  worth  while  to 
extra‘61  >the  faltpetre  from  the  earth 
remaining  in -the  blood  and  garbage 
holes  of  flaughter-houfes.  The  me- 
thod of  extradting  faltpetre  from 
the  earths  in  which  'it  is  generated, 
'is  mueh'the  fame  in  all  countries. 
Jt  Gonfifts  in  pouring  water  upon  the 
earths,  to  diffolve  all  the  fait,  of  what- 
ever kind,  which  is  contained  in 
them ; in  paffing  this  water  through 

wood- 

Chem. -Vol,  II.  p.  596, 
fld.p.  235. 
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wood-aflies,  in  order  to  fupply  the 
unformed  parts  of  the  falt-petre  with 
a proper  alkaline  bafis,  and  in  eva- 
porating the  folutioiij  till  it  be  of 
a proper  ’ ftrength  to  fiioot  into 
cryftals.  7'he  faltpetre  obtained 
by  this  firft  cryftallization,  is  fel- 
dom  pure  enough  for  the  piir- 

pofes  of  making  gunpowder,  or  of 

medicine*. 

I do  not  know  that  we  have  at 
prefent  any  faltpetre  works  edablilh- 
cd  in  England.  There  have  been 
many  projedls  propofed  for  making 
it,  both  in  the  laft  and  prefent  cen- 

T 2 '^ury, 

* The  reader  who  wifhes  to  know  more  of 
the  manner  of  making  faltpetre,  may  con- 
fult  a very  good  paper  of  Mr.  Henfliavv’s,  in 
Bifliop  Sprat’s  Hiftory  of  the  Royal , Society, 
p.  260  ; or  Newman’s  Chemiftry,  publifhed 
.by  Lewis,  p.  197  ; or  Glauber’s  Profpcrity 
of  Germany ; or  Clarke’s  Nat.  Hill,  of  Salt- 
petre : the  manner  of  making  it  in  Podolia 
as  defcribed  in  Philof.  Tranf,  1763, 


I 
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tury,  but  they  have  all  ended  more  i: 
to  the  difadvantage  than  the  emolu- 
ment of  the  undertakers.  The  Socle-  . 
ty  for  the  Encouragement  of  Arts  and  ; I 
Manufactures  in  vain  propofed  pre- 
miums'for  the  making  of  faltpetre, 
from  the  year  1756  to  1764*  : thefe 

premiums  were  never  claimed,  and  a 
$ 

faltpetre  work  which  was,  about  that 
time,  eftablifhed  at  the  cxpence  of 
above  fix  thou fand  pounds,  wasatlaH 
abandoned  ; the  proprietors  having  ' 
been  experimentally  convinced,  that  : 
they  could  not  afford  to  fell  their  : 
faltpetre  for  lefs  than  four  times  the  ! 
price  of  that  imported  from  India.  | 

'I  he  reafon  of  this  conftant  failure  i 



in  all  attempts  to  make  faltpetre,  with 
profit  in  England,  may  be  attributed 

partly 

* Doffic’s  Memoirs  of  Agriculture,  Vol. 

I.  p.  197. 
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partly  to  the  nature  of  the  Glimate, 
which  probably  does  not  generate 
falrpetre  fo  abundantly  > as  fome 
other  climates  do;  but  principally, 
it  is  apprehended,  to  the  dearnefs 
of  the  wood-afhes  generally  ufed  in' 
preparing  this  fubftance,  and  to  the 
high  price  of  the  labour  which  muft  - 
be  employed  in  colleding  and  ma- 
nufafturing  the  materials. 

How  far  wood-afhes  are  in  all 
cafes  neceffary  for  the  extraction  of 
i'altpetre  from  the  earths  containing 
it,  may  be  much  queftioned  from  the 
refult  of  the  following  experiment. 

From  an 'old  barn,  belonging  to' 
the  Dean  and  Chapter  at  Ely,  I rook 
^ fome  decayed  mortar,  which  was  full 
‘of  thofe  faline  fhoots  frequently  feen 
on  old  walls,  and  boiled  it  in  a pro- 
per quantity  of  water.  The  water  be- 

■o.  n • • 


( 294  ) • 

ing  filtered  and  evaporated,  afrorded, 
in  great  plenty,  fine  well-formed 
cryftalsof  faltpecre  : the  cryftals  wete 
taken  out  and  dried,  and  the  remain- 
ing part  of  the  foliition  was  again 
evaporated,  and  it  again  yielded  very 
good  fakpetre : but  I could  not  ob- 
ferve  that  there  was  any  occafion  for 
wood-afhes  to  make  4ny*.part  of  the 
folution  cryftallize,  or  that  there 
Were  formed  any  cryftals  either  of 
fea-falt,  or  of  any  other  fait,  except 
fakpetre. 

This  experiment,  which  I repeated 
more  than  once,  contradids  a very 
generally  received  opinion,  namely, 
that  fakpetre  cannot  be  made  from 
the  rubbifti  of  old  buildings,  without 
the  concurrence  of  the  fait  feparable 
from  the  afties  of  burnt  vegetables 

It 

• •—  nullum  nitrum  a nobis  hie  in  Eu- 

ropa 
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it  cannot  be  denied,  that  the  vegeta- 
ble fixed  alkali  is  one  of  the  confti- 
tuentparts  offaltpetre  i but  it  is  con- 
tended, that  the  burning  of  vegeta- 
bles is  not  the  only  way  of  procuring 
that  alkali,  fince  we  fee,  from  this 
experiment,  that  it  was  as  certainly 
formed  in  the  mortar  as  the  faltpetre 
itfelf  was. 

A few  years  ago,  as  fome  workmen 
were  digging  gravel  near  Bury' St  * 
Edmund^Sy  they  met  with  a large  folid 
fubftance  of  a white  colour,  fur- 
T 4 rounded 

ropa  natxim  cognofci,  cujxis  natlvitatem  non 
ingreditur  fal  fixusy  qui  in  cineribus  lignorum 
combuftorum  deprehenditur.  Eoerh.  Chem. 
Vdl.  II.  p.  386.  Nature  affords  no  perfeft 
faltpetre.— We  may  be  affured,  that  cryflal- 
line  nitre,  whencefoever  it  comes,  has  been 
manufaaured  by  art ; that  art  has  fuppHed  /Vi 
nlkallne  hafiSy  and  reduced  it  into  a cryllalline 
form,  Newman’s  Chem«  p*  i97* 
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rounded  every  way  with  gravel,  and 
at  the  didance  of  twelve  or  fourteen 
feet  from  the  furface.  They  at  fir  ft 
miftook  it  for  a lump  of  chalk  ; but, 
upon  tafting  it,  they  found  it  to  have 
the  tafte  of  falrpetre.  1 have  a piece 
of  the  original  lump  in  my  poffeflion. 
It  is  a folid  mafs,  very  hard  ; when 
diflblved  and  cryftallized,  it  affords 
cryflals,  refembling  in  all  their  pro- 
perties the  pureft  falrpetre.  Unlefs 
more  care  had  been  taken  in  examin- 
ing the  fittiation  of  this  lump  of 
falrpetre,  when  it  was  firft  difcover- 
ed,  it  may  be  difficult  to  account  for 
its  produdlion ; but  it  is  highly  pro- 
bable, that  it  was  a natural  produc- 
tion, and  that  the  afhes  of  burnt  ve- 
getables had  never  been  employed  in 
its  formation.  The  roots  of  horfe- 
radi-h  penetrate  very  deep  into  the 

canhj 
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«arth ; and  upon  inquiry  I found, 
that  horfe-radifh  grew  upon  the 
furface  of  the  earth  where  this  mafs 
of  falt-petre  was  formed.  Whether 
'this  plant  had  contributed  to  its  for- 
mation, may  be  a queftion  worthy 
the  reader’s  confideration,  fince  we 
know  that  many  plants,  fuch  as 
borage,  fennel,  the  fun-flower,  and 
tobacco,  yield  faltpetre. 

Another  obfervation,  which  may 
be  drawn  from  what  has  been  ad- 
vanced, refpe£ls  the  nature  of  thofe 
faline  efflorefcences  which  were 
found  in  the  mortar,  and  are  fre- 
quently to  be  met  with  on  old  damp 
walls,  and  from  which  the  word  falt- 
petre, or  fait  of  Hone  (Jal  feira)y 
feems  to  be  derived.  Many  authors  * 

have 

* 'See  a paper,  of  tlie  very  ingenious  Dr. 

r ro’vvn- 
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have  affirmed,  that  the  fait  of 
thefe  fhoots  is  the  mineral  fixed 
alkali.  I have  reafon,  from  my  own 
Experiments  on  the  fubjeft,  to  be- 
lieve, that  the  affirmation  is  true 
in  fome  inflances  j but  it  muft  not, 

I apprehend,  be  generally  admitted, 
lince  we  have  feen  that  thofe  fhoots- 
yield,  in  fome  circumftances,  not 
the  mineral  alkali y but  a perfe(51:/<2/f- 
fetre. 

With  great  diffidence  I propofe  it 
to  be  confidered,  whether  the  fame 
faline  fhoots,  which  in  fome  cafes 
Gonftitute  the  mineral  fixed  alkali,, 
would  not,  if  left  to  themfelves  on 
the  fame  place  where  they  are  pro- 
duced, be  at  length  converted  into^ 
faltpetre.  The  operation  of  nature 

in-  ' 

Brownrig  in  Philof.  Tranf.  for  1774,  p* 

^ Opus  Chym.  by  Marggraaf,  Vol.  ll* 
p.  419.— Cronfledt’s  Miner,  p*  143^ 
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in  fpontaneoufly  producing  thbfe 
Ihoots  of  rhineral  fixed  alkali,  is  in 
no  refpeft  lefs  wonderful  than  thc 
converfion  of  the  fixed  alkali  itfelf, 
by  a longer  procefs,  into  faltpetre. 
This  conjefture,  founded  on  the  dif- 
ferent qualities  of  thefe  faline  fhoots, 
and  the  manner  of  their  being  pro- 
duced, may  receive  fome  confirma^ 
tion  from  the  two  following  fa6ts. 
Near  the  city  of  Xen  Si  in  China 
is  a town,  about  which  the  land  pro- 
duces three  things.  One  is  the  foap 
they  ufe  there,  called  Kien ; they 
know  nothing  of  ours.  After  it 
has  rained,  if  the  fun  fhine,  there  rife 
out  of  the  earth  certain  bladders  of 
thick  froth,  which  are  gathered  t6 
wafh  and  whiten  linen.  The  fecond 
is  faltpetre,  and  common  fait  the  third. 
Out  of  twenty  pounds  of  earth,  put 
c into 
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into  ajar,  and  wrought  after  their 
manner,  they  get  twelve  pounds  of 
fait,  and  three  of  faltpetre  It  is 
probable,  that  the  Kien  here  fpoken 
of,  as  lupplying  the  place  of  foap, 
confifts  in  part  or  wholly  of  the 
mineral  fixed  alkali.  Upon  the  ^ 
coaft  of  Coromandel^  in  a fandy  foil, 
not  far  from  the  fea,  the  inhabitants 
gather,  every  morning,  an  earth 
abounding  with  a natural  alkali  j of 
this  earth  they  make  a ley,  which 
being  fharpened  by  quick-lime,  they 
ufe  in  fixing  their  colours  on  their 
linen  cloths.  But  if  the  alkali  be 
left  undifturbed  upon  the  place 
where  it  is  produced,  it  fpontane- 
oufly  changes  itfclfinto  faltpetre -h.” 

If  / 

* Churchill’s  Coll,  of  Travels,  YoL  I. 

p.  49. 

t fi  vero  fuo  generationis  loco  re!^- 
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If  this  fandy  earth  was  wafhed,  com- 
mon fait  and  faltpetre  might  proba- 
bly be  feparated  from  it,  as  is  done 
from  the  Chinefe  earth  before  men- 
tioned, and  the  two  accounts  con- 
firm one  another.  If  thefe  accounts 

be 

quitur  alcali  prasdidum,  fponte  in  nitrum  fe 

tranfmutat. Mifcell.  Cur.  Germ.  ann. 

9 & lo,  p.  460.  There  is  an  account  in  the 
-Philofophical  Tranfadions  for  1771,  p.  567, 
of  a foffile  alkaline  fait,  found  in  the  country 
of  Tripoli  in  Barbary,  which  our  callico- 
printers  thought  anfwered  their  purpofes 
better  than  any  other  fait  they,  had  ever 
tried.  This  obfervation  confirms  what  is 
iaid  of  the  ufe  of  this  fait  found  on  the  coafi; 
of  Coromandel,  and  teaches  us  to  attribute 
the  excellency  of  the  Eafl  India  colours  to 
the  hature  of  the  alkali  ufed  in  fixing  them. 
The  French  dyers  ufe  an  alkali  prepared 
from  the  burning  of  tartar  and  lees  of  wine  : 
this  alkali  is  of  the  pureft  kind  ; and  the  fu-, 
periority  of  their  colours  over  thofe  of  mofi: 
other  countrie?,  has  been  attributed  to  the 
great  purity  of  the  alkali  which  they  ufed. 
Memoires  de  Chem.  Vol.  II.  p.  556. 
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be  admitted,  they  will  greatly  tend 
to  reconcile  the-  different  opinions 
of  chennifts  concerning  the  nitre  or 
natron  of  the  ancients ; fome  hold- 
ing it  to  have  been  the  mineral 
fixed  alkali,  and  others  efteeming 
it  the  fame  with  our  faltpetre  j for 
it  may  in  fadb  have  been  either  one 
^)r  the  other,  or  a mixture  of  both, 
according  to  its  age. 

It  may  in  the  laft  place  be  re- 
' marked,  that  fea  fait  does  not  al- 
ways accompany  faltpetre  in  the 
earths  where  it  is  generated,  fince 
not  a grain  of  fea  fait  could  be  ob- 
tained from  a large  portion  of  the 
decayed  mortar.  From  the  great 
quantities  of  fea  fait  ufqally  found 
in  faltpetre  earths,  fome  chemifts  * 
Irave  conjectured,  that  fea  fait  was 

in- 


*”Baume  Chy.  Vol.  IJI.  S99* 
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infenfibly  changed  into  faltpetre'; 
and  others  have  iuppofed^  that  the 
fame  natural  procefs  which  produced 
faltpetre,  produced  alfo  fea  fait- 
The  fore  - m.enrioncd  experiment 
renders  this  lad  fuppofuion  fome^ 
what  doubtful  ; the  matter  however 
is  not  certainly  eftablifhed  either 
way,  and  there  is  great  room  for 
further  inveftigation. 

This  leads  us  to  the  confideration 
of  a queftion  of  very  difficult  deci- 
fion — how  is  faltpetre  generated  ? 
I am  not  afhamed  to  own  my  inabi- 
lity to  anfwer  this  queftion  in  a 
manner  fatisfaftory  even  to  myfelf. 
There  are  powers  in  nature  in  ^ 
great  meafure  unknown  to  us,  by 
which  the  parts  of  matter  are  fub- 
jefled  to  perpetual  change,  and 
forced  to  affiume  arrangements  from 
' which  new  compounds  are  conftant- 

ly 
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ly  refulting.  The  fweet,  bitter, 
and  aromatic  juices  of  vegetables, 
the  blood,  bile,  milk,  urine,  fat, 
and  bones  of  animals,  are  all  of 
them  as  different  from  the  fubftances 
from  which  they  are  compofed,  as 
faltpetre  is  from  the  earth  from 
which  it  is  generated  : but  the  one 
being  a -more  common  procefs  of 
nature  than  the  other,  it  does  not  fo 
much  aftonilh  us,  or  excite  our  cu- 
riolity  to  account  for  it.  The  an- 
fwer  of  the  Spaniard,  who  was  alked 
if  he  knew  how  the  faltpetre  was 
yearly  regenerated  in  his  grounds, 
‘Teems  to  include  all  that  philofophy 
can  fay  on  the  fubjeft : “ I have 
two  fields  ; in  the  one  I fow  wheat, 
and  it  grows ; in  the  other  I col- 
lect faltpetre  ' 

* Hiftoire  Nat.  de  L’Efpagne,  by  Bowles, 
-p.  8o, 
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There  was  a time  when  the  air 
’ was  looked  upon,  by  all  chemifts,  as 
the  great  ftorehoufe  of  faltpetre  j 
and  the  earths  in  which  it  was  found 
were  fuppofed  to  have  attrafted  -it, 
ready  formed,  from  the  air.  Inftead 
of  faltpetre  in  fubftance,  fome  later 
philofophers  have  fuppofed  that  its 
acid  part  only  exifts  in  the  airj  and 
that  this  acid  part,  being  attradled 
from  the  air,  unites  itfelf  with  the 
earths  which  yield  faltpetre.  Others 
are  of  opinion,  that  the  acid  of  falt- 
petre does  not  float  in  the  air  as  a 
fubflance  diftind:  from  it,  but  that 
it  is  one  of  the  conftituent  parts  of 
the  air  itfelf • and  confequently,  if 
faltpetre  be  formed  by  the  earths 
;attra6ling  this  acid,  the  air  mufl:  be 
idecompofed.  I know  not  of  any 

VOL,  I,  U well- 
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well -conduced  experiments,  vdiidi 
are  fb  conclufive  in  favour  of  this 
aerial  origin  of  ialtpetre,  as  one  of 
Lemery’s  is  againft  it.  He  put  fome 
lime  into  one  difh,  feme  fait  of  tartar 
into  another,  and  a Ialtpetre  earth, 
from  which  he  had  extrafted  the 
fait,  into  a third.  He  placed  thefe 
three  diihes  in  a fituation  open  to  the 
accefs  of  the  air,  and  Iheitered  from 
the  fun  i he  let  them  continue  in  that 
fituation  for  two  years ; at  the  expi- 
ration of  that  term  he  examined  their 
feveral  contents,  but  no  faltpetre 
had  been  generated  in  any  one  of 
them  ; though  faline  flioots  had  been 
formed  on  the  walls  of  the  place  in 
which  they  flood.  He  afterwards 
mixed  thefe  fame  fubflances  with 
animal  matters,  and  after  they  had 

• flood 
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;ood  a proper  time,  they  all  yielded 
im  faltpetre  *. 

Saltpetre,  it  is  granted,  cannot  be 
'reduced  without  air  ; but  a fimple 
•xpofure  to  the  air  of  the  materials 
n which  it  is  moft  generally  found, 
toes  not  feem  to  be  fufEcient  for  the 
lurpofe.  Air  is  neceffary  for  the 
)mmencing  and  continuing  of  that' 
iteftine  motion  of  the  parts  of  ve- 
•table  and  animal  fubftances,  which 
called  putrefa6lion ; and  I do  not 
.low  whether  the  fame  may  not  be 
'd  of  fome  minerals  : hence,  per- 
ips,  it  may  not  be  a propofition  far 
)m  the  truth,  if  we  fliould  fay,  that 
:tpetre  is  never  produced  in  fub- 
rnces  which  have  not  undergone 
jputrefadtive  fermentation.  Thus 
u 2 Lemery 


'*  Memoires  de  I’Academie  des  Scien.  a 
. , * 

• IS ; ann.  1731. 
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Lemery  got  faltpetre  as  foon  as  he 
mixed  with  his  earths  animal  fub- 
flances,  which  ever  tend  to  putrc- 
fadlion.  Frefh  blood  contains  no 
faltpetre,  but  Kunckel  extradted  a 
large  quantity  from  putrefied  blood. 
Frefh  urine  yields  no  faltpetre,  but 
putrefied  urine  yields  it  in  great 
abundance,  as  may  be  gathered  from 
the  patent  before  mentioned,  by 
which  it  was  ordered  to  be  faved  for 
the  making  of  faltpetre.  Qiiick- 
lime  docs  not  contain  a particle  of 

t * 

faltpetre ; a mixture  of  frefii  urine 
and  quicklime,  if  examined  foon  af- 
ter,, it  fs  made,  will  not  yield  any; 
but  after  . being  fufrered  to  putrefy 
for  fix.  or  feven  months,  very  good 
Jaltpetre  may  be  extradled  from  it 
All  the  comiTiOn  proceffes  for  mak 

in 

Chyinie  par  M.  Baumc,  Vol.  III.  p.  594. 
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ing  faltpetre  imply  the  putrefadlion 
of  the  materials.  Now  if  it  be  al- 
lowed that  faltpetre  is  never  pro- 
.(duced  without  fome  kind  and  degree 
: of  putrefa6tion,  it  may  deferve  to  be 
inquired,  whether  in  its  mode  of  ge- 
.neration  it  has  not  fome  relation  to 
two-  other  fubltances  univerfally  pro- 
.duced  by  piitrcfa6Hon  ; I mean  fixed 
air  and  volatile  alkali.  Many  con- 
jedtures,  not  fufficiently  warranted 
by  experiment  to  be  laid  before  tl^ 
reader,  prefent  themfelves  on  this 
head  : one  experiment,  however,  I 
will  mention,  efpecially  as  it  is  ge- 
nerally adduced  by  chemical  writers 
in  fnpport  of  their  theories  concern- 
ing the  origin  and  nature  of  the  acid 
of  faltpetre.  WMien  faltpetre  and 
charcoal  in  powder  are  thrown  to- 
gether upon  a fire,  or  any  red-hot 

u a fub- 
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fubftance,  the  faltpetre  is  fuddenly 
exploded,  with  a noife  which  is 
11  fu ally  called  detonation  ; much  air 
is  fet  at  liberty  ; there  arifes  a very 
copious  condenfable  fume,  and  there 
remains,  when  the  detonation  is  fi- 
nifhed,  a fixed  alkali',  that  is,  there 
remains  one  of  the  conftituent  parts 
of  faltpetre  ; the  other  part,  namely, 
the  acid,  is  difperfed  with  the  fumie. 
This  confiderable  fume  has  been  col- 
ledted,  and  it  is  faid  to  contain  no- 
thing but  water,  mixed  accidentally 
with  a little  fixed  alkali,  which  is 
fuppoled  to  have  proceeded  from 
the  alkaline  bafis  of  the  nitre  The 
i’qiior,  thus  colledled,  is  called  the 
clyjfus  ot  nitre.  I have  frequently 
colledted  this  liquor,  and  always 
found  that  it  abounded  with,  volatile 

alkali* 

* Di£hon,  of  Chem.  Art.  Clyjus. 
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idkalu  This  volatile  alkali  maybe’ 
j rendered  vilible  in  a concrete  form,, 
Iby  diftilling  the  clylfus  with  a gentle 
lieat.  Is  the  nitrous  acid  formed 
from  an  union  of  fixed  air  with  vo- 
latile alkali  by  means  of  putrefac- 
tion ? What  is  fixed  air,  and  what 
is  volatile  alkali,  and  how  are  tliey 
produced,  are  queflions  which  want 
an  explanation  juft  as  much  as  what 
is  the  acid  of  faltpetre,  and  how  is 
it  produced  I 
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OP  THE  MANNER  OF  MAKENG  SALT- 


PETRE IN  THE  EAST  INDIES, 


H E reader  will  not  be  dif- 


pleafed  with  feeing  fome  . of 
the  beft  accounts  which  I have  met 
with  in  books  on  this  fubjefl,  in  the 
words  of  the  feveral  authors. 

There  is  alfo  a great  deal  of 
faltpetre  vended  at  Suratte,  which  is 
made  at  JJmer^  6o  leagues  from 
Agra^  out  of  the  fatteft  ground,  after 
it  has  lain  fallow  a confiderable 
time.  They  dig  certain  trenches. 


'which. 
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which,  after  they  have  filled  with 
fait  earth,  they  let  in  as  much  wa- 
ter as  is  fufhcient  to  reduce  it  to 
the  confiilency  of  broth ; and  to 
foak  it  the  better,  they  frequently 
.tread  it  with  their  feet*,  when  they 
judge  the  water  has  dilTolved  all  the 
faline  fubflance  that  was  in  the  earth, 
they  draw  up  the  water  into  ano- 
ther trench,  where  in  fome  time  it 
'thickens,  when  they  boil  it  like  fait, 
fcumming  it  continually,  and  af- 
terwards put  it  into  earthen  pots, 
where  the  dregs  being  fettled  to  the 
bottom,  they  take  it  out  again,  and 
dry  it  to  a hard  fubftance  in  the 
fun 

The  manner  in  which  nitre  is 
originally  obtained  in  the  Eaft  In- 

■ dies, 

■*  Harris’s  Colle£tion  of  Voyages,  Vol.  II- 
p.  128. 
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dies,  is  (as  I have  it  on  the  authority 
of  a perfon  of  unqueftionable  vera- 
city, who  made  it  his  particular  bufi- 
nefs  to  procure  a juft  information) 
according  to  the  following  accounts 
There  is  a very  tall  kind  of  grafs 
growing  in  the  country  where  the 
nitre  is  produced  ; which,  being 
burnt  cuftomarily  in  the  autumn, 
forms  beds  of  very  large  extent, 
covered  with  fuch  falts  and  earths, 
refulting  from  the  incineration,  as 
are  the  moft  proper  matrices  for  the 
formation  of  the  nitre.  Thefe,  ly- 
ing all  the  winter  on  the  fidcs  of 
hills  expofed  to  the  winds,  confe- 
quently  colledt  the  nitrous  fpirit 
from  the  air,  in  the  fame  manner 
as  when  fpread  by  art  with  that  in- 
tent ; and  produce  great  quantities 
of  nitre.  After  this  a rainy  feafon 

enfuesj 
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enfues,  which  wadies  the  fait  down 
into  the  vallies ; where  the  folution, 
partly  abforbed  by  the  earth,  and 
partly  flowing  above  it,  is  expofed 
to  the  heat  of  the  fun,  that  makes  an 
evaporation  of  the  humidity,  and 
leaves  the  fait  in  a dry  fliate,  either 
commixed  with  the  earth,  or  on  the 
furface  of  it ; and  this  is  fometiines 
artificially  alTifted,  by  turning  the 
'rills  of  water  as  they  defcend  from 
the  higher  grounds  by  proper  tanks, 
into  places  where  the  abforption  of 
ic  by  the  ground  is  prevented  ; and 
where  therefore  the  fluid  drying  away 
by  infolation,  produces  a ftrong  folu-  . 
tion  of  the  nitre;  which  being  taken 
out  and  purified  in  that  (late,  is  after- 
wards reduced  into  a cryftalline  form 
by  evaporation 

Salt- 

I ‘ 

* Doffie’s  Inftitutes  ofChem,  Vol,  II.  p.  221- 
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Sak-petre  is  likewife  the  pro- 
•duce  of  Patna.  It  is  extra6led  from  a 
clay,  which  is  either  black,  whitilh, 
or  red.  The  manner  of  refining  it, 
is  by  digging  a large  pit,  in  which 
this  nitrous  earth  is  depofited,  and 
diluted  with  a quantity  of  water, 
which  is  kept  ftirred  till  it  comes  to 
a confiftency.  The  water  having 
drav/n  out  all  the  faks,  and  the 
groiTer  parts  fubfiding  at  the  bot- 
tom, the  more  fluid  particles  are 
taken  out  and  put  into  another  pit 
not  fo  large . as  the  former.  This 
ubftance  having  undergone  a fecond 
purification,  the  clear  water  that 
fwims  on  the  top,  and  is  totally  im- 
pregnated with  nitre,  is  taken  off  and 
boiled  in  caldrons ; it  is  fcummed 
while  it  is  boiling,  and  in  a few 
hours  a nitrous  fait  is  obtained  in- 
finitely 


3 
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finitely  fuperior  to  any  that  is  found 
elfewhere  *.  The  Europeans  export 
about  ten  millions  of  pounds  for  the 
ufe  of  their  fettleinents  in  Afia,  or 
for  home  confumption  in  their  re- 
fpedtive  countries.  It  is  bought  upon 
the  fpot  for  three  fols  (id.  4)  ^ pound 
at  the  moft,  and  is  fold  again  to  us 
for  ten  (5d.)  at  the  lead 

By  the  inquiries  which  I have  had 
an  opportunity  of  making,  from 
gentlemen  who  had  long  refided  in 
the  Eaft  Indies,  I can  only  learn, 
that  there  are  certain  earths  naturally 
impregnated  with  faltpetre,  and  that 
the  inhabitants  throw  up  thefe  earths 

in 

* I am  ignorant  of  the  particulars  in  which 
the  Eatl  India  nitre  elxcels  that  made  in  dif- 
ferent parts  of  Europe. 

■f  Hiflory  of  European  Settlements  in  the 
Eaft  and  Weft  Indies.  Eng,  Tranf.  Vol.  I. 
p.  340. 
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in  little  heaps,  refembling  the  heaps 
in  which  lime  is  ufually  fcattered 
over  a field  before  it  is  fpread  j and 
at  a proper  feafon  they  extraft  the 
laltpetre,  and  cryftalllze  it  without 
making  any  ufe  of  the  alhes  of  burnt 
vegetables.  This  method  of  making 
faltpetre  is  much  the  fame  with  that 
praflifed  in  Egypt,  as  defcribed  by 
an  author  near  an  hundred  years 
ago.  The  furface  of  the  earth,  we 
are  told,  where  faltpetre  is  found, 
is  in  fome  places  covered  with  a 
v.'hitifh  cruft  j in  others,  the  fait  is 
difcovered  by  the  tafte  of  the  earth. 
This  earth  is  dug  up,  and,  being 
pafled  through  a fieve,  they  fteep 
it  in  water,  and  then  boil  the  wa- 
ter till  the  fait  falls  to  the  bot- 
tom. All  the  gunpowder  made  in 
Egypt  was  formerly  made  of  this 
I fait- 
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faltpetre  * ; which  lliews  the  fak 
thus  procured  to  hav€  been  not  the 
inineral  alkali,  but  a true  faltpetre. 
That  this  is  a vtry  poffible  me^ 
thod  of  making  faltpetre  is  certain, 
not  only  from  the  experiment  with 
the  old  mortar  mentioned  in  the  pre- 
ceding Efiay,  but  from  what  is  con- 
ftantly  pra6lifed  in  Spain,  where 
they  extract:  large  quantities  of  falt- 
petre from  earths  naturally  Impreg- 
nated with  it,  without  havino*  re- 

^ O 

courfe  to  vegetable  allies.  A third 
part  of  the  uncultivated  lands  in 
Spain,  is  faid  to  abound  with  falt- 
petre ready  formed.  Thefe  lands, 
where  they  are  wrought  for  faltpetre, 
are  turned  over  two  or  three  times 

in 

* Toiite  la  pouclre  qii’on  fait  en  Egypte 
n’cft  fa’t  que  cie  ce  nitre,  qui  eft  le  vray  fd'" 
petre.  Journ.  dcs  S9avans,  1685. 
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in  the  winter,  and  fpring;  and  in 
Augull;  they  throw  the  earth  in  heaps, 
and  extradl  the  faltpetre  by  pouring 
water  on  the  earth,  put  into,  proper 
veffels,  and  cryftallizing  the  folu- 
tion.  The  earth,  after  the  extrac- 
tion of  the  faltpetre,  is  fpread  on 
the  fame  ground  from  which  it  was 
taken,  and  at  the  expiration  of 
twelve  months  it  again  becomes 
impregnated  with  faltpetre,  , and 
the  fame  earths  have  for  time  im- 
memorial annually  produced  the 
fame  quantity  of  faltpetre  This 
Spanilh  eartK  refembles  the  Chi- 
nefc  earth,  mentioned  in  the  laft 
Effay,  in  containing  a large  por- 
tion of  fea  fait,  for  they  obtain 
trom  twenty  to  forty  pounds  of 

• Hift.  Nat.  dc  1’  Efpag,  p.  79.  French 
-Tranf.  1778,  ’ • ‘ - ' ’ 

VOL.  I,  X 


com- 


C’  322  ) 


common  fait  from  one  hundred 
pounds  of  the  earth  : the  crude  falt- 
petre  alfo,  as  brought  from  the  In- 
dies, is  greatly  polluted  with  com- 
mon fait. — Is  the  common  fait  in  the 
Spanifli  earth  annually  regenerated 
as  well  as  the  Jaltfetre? 

The  lands  in  Spain,  fays  the  au- 
thor of  its  Natural  Hiflory,  if  pro- 
perly managed,  would  fupply  all 
Europe  with  faltpetre  to  the  end  of 
the  world.  In  this  circumftance 
Spain  is  ir.ore  fortunate  than  Eng- 
land, as  we  are  obliged  to  rely  upon 
our  importation  from  the  Eafl:  Indies 
for  all  the  faltpetre  we  ufe.  Spain 
however  has  not  yet  been  able,  or, 
willing,  to  furnlhi  from  its  lands, 
faltpetre  enough  for  its  own  con- 
fumption ; fince  it  is  obliged,  occa- 
fionally,  to  have  recourfe  to  an  im- 
4 portation 
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portation  of  that  commodity  from 
this  kingdom. 

The  Eaft-India  company  had  their 
firft  charter  granted  in  1600  :■  in  the 
year  1628  they  publilhed  their  peti- 
tion and  remonftrance  to  the  Houfe 
of  Commons.  From  this  trad:  it 
appears,  that  they  had  a good  quantity 
of  faltpetre  then  in  ftore,  and  that 
they  weekly  made  about  thirty  bar- 
rels of  gunpowder  at  their  own  pow- 
der mills,  from  fuch  refined  falt- 
petre as  they  brought  from  the 
Indies.  By  their  charter,  granted 
in  1693,  they  were  bound  annually 
to  fupply  government  with  500  tons 
of  faltpetre  at  38I.  10s.  a ton  in 
time  of  peace,  and  at  45I.  in  time 
of  war. 

The  following  tables  w'cre  ex- 
' traded  from  the  cuflom-houfe  books, 

X 2 by 
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by  a perfon  on*  whofe  accuracy  I 
could  depend. 

Saltpetre  imported  annually  into 
England  for  feven  years  ending  at 
Chriftmas  1769. 

C.  q.  lb. 

From  Xtmas  176’ to  Xtm.  1763 — 42580  2 26 
' 1764 — *22692  3 6 

1765— 35399  3 7 

1766 —  413 13  o o 

1767— 37424  2 22 

1768 —  33840  3 26 

1769— 34437  3 o, 

Total  imported  in  7 years — 247689  3 3 

This  quantity  gives  an  annual 
medium  of  39630361b 

About 

* The  Dutch  Eaft  India  fleet  in  1 709,  im- 
ported 21753701b.  of  faltpetre  (Schelhamer; 
de  nitro,  p.  82)  ; yet  notwithftanding  the 
great  quantities  of  faltpetre  which  are  annually 
brought  into  Europe  from  the  Eall  Indies,  it 
is  reckoned  that  two-thirds  of  the  whole  pro- 
duce of  that  commodity  are  fent  into  China,  ^ 

and 


Exported  to 
,„„lt  and  Norway 

(jj  Country  - 
pjinirrs 
(ijnte 
Gtntwny 
Jolijnd 
!ind  ■ 


;aiy 

loiiogal 

tpiti 


~Stpetre  exported  from  England,  from  Chriftmas  1762,  to  Chriftman  \-6q 


-rxji7  I.  p.  324, 


Turkey 

i^aiigua 

ijrbadocs  - 

'icada  " 

larolina  - • - 

;<orgia  “ 

^irida 

inaica  - 

\'w  England 
iw  York  - 
r^-a  Scotia 
anfyWunia 

cChrlftopher’s  - - 
iginia  and  Maryland 


Totals 


176J 

C.  q.  lb. 

292  o 3 

123  3 15 
1139 

20  o o 


202  2 
2216  I 

389  3 


3603  2 6 

243  2 16 


I I 1 1 
22  0 0 
50  I 10 
42  O 


15  3 12 

63  O 


10  3 14 
630 


7221, 3. 


1764, 

C.  q.  lb. 

780  3 8 

701  I 27 
147  I 19 


642  o 14 
1518  3 10 
329  o o 


8 


3 4 


1976  2 12 


720 
o 2 14 
28  o 16 


2 0 0 
3 3 14 
2130 
2211 


1765- 

C.  q.  lb. 

276  2 10 


125  O 22 


254  2 j8 
4864  O O 

419  I 14 


2018  2 O 


I 3 12 


39  I O 

612 


I 2 18 

130  O 
3 I o 


8 I 


9 3 17  20  2 


16201  3 8''  8oj;2  t J4 


1766. 

C.  q.  lb. 

588  I 18 


391  I 16 


91  3 21 
3485  r 3 

570  I 18 


84  I o 
247  2 10 


018 

4 3 18 


27  o 7 

300 


I 3 19 
8 2 14 
6 o 20 


52  2 8 

25  3 6 


c;i;8q  2 18 


1767. 

c.  q.  lb. 

97  1 21 


603  o 4 
473  I 7 
“9  3 17 
1742  I 12 

2296  2 O 


82  O O 
I I 4 


4011 
D 2 24 

22  O 10 

I 3 7 


3 O 12 
20  3 o 
727 
024 
23  3 17 
I I 2 
47  2 12 


4<;4Q  I 


1768. 

C.  q.  lb. 


115  o 15 


61  o 13 

538  O 9 


70  I 


020 

4 o 21 


25  2 6 
520 
020 
2 o 20 
44  2 8 

12  3 o 


49  I 20 


43  o 2 


1769. 

C.  q.  lb. 
634  2 o 


103  0 14 

1761  O II 


1609  3 2 

59  o 27 


60  0 8 

7 o 22 
2 I 10 

34  3 ” 

12  3 o 


2 3 16 
2227 
6 2 19 


37  o o 


48  2 10 


972  ^ ? 4422  2 17 


Hotel' e:cported  in  7 years— 47,0100*  2 qv  311b.  This  quantity  gives  an  annual  medium  of  753,i68ib, 


'(  '3^5 

About  the  fame  period  that  the 
government  of  England  bargained 
‘ with  the  Eaft  India  company  for  an 
- annual  fupply  of  faltpetre,  a much 
larger  quantity  was  made  in  France ; 
an  author  of  2:ocd  credit  * informins: 
us  that  in  the  year  1691  the  faltpetre 
which  was  made  in  the  feveral  dif- 
trid:s  of  that  kingdom,  amounted  to 
— 36477674.  pounds.  This  isa  vad: 
(juantity,  being  nearly  equal  to  the 
average  quantity  annually  imported 
by  our  Eafl  India  company.  The 
French  very  wifely  keep  up  their 
eftablilhments  for  the  making  of  falt- 
petre; the  revolutions  which  have 
tormerly  taken  place  in  India,  ren- 
der it  not  improbable,  that  limilnr 

X 3 ones 

and  other  parts  of  Aha,  to  be  ufed  in  fire- 
works. 

* See  Meinoires  d’  Artillerie  par  Sr.  Suri- 
roz,  Tom.  11.  p.  104.  Arafter.  1702. 


( 3^6  ) 

ones  may  take  place  again  ; and  Eng-^ 
land  would  feel  the  diftrefs  which 
would  attend  the  non-importation  of 
faltpetre  from  the  Eaft  Indies,  more 
fenfibly  than  any  other  ftate  in  Eu- 
rope. This  danger  has  not  been  ad- 
verted to  by  any  Minifter ; but  if 
the  prevention  of  it  fliould  ever  en- 
gage the  attention  of  the  legiflature, 
'the  methods  of  making  faltpetre 
which  are  followed  in  France,  would 
deferve  to  be  confidered.  For  my 
own  part  I can  have  no  doubt,  that 
a plan  might  be  contrived  for  the 
making  of  faltpetre  in  every  county 
of  this  kingdo-m,  'by  the  very  mo- 
derate labour  of  thofe,  whofe  idle- 
nefs  is  at  prefent  a burden  to  them- 
felves,  and  a reproach  to  the  police 
of  the  community,  paupe7's  oi  the 
feveral  pariihes. 
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OF  THE  TIME  WHEN  GUNPOWDER 
WAS  DISCOVERED. 

TH  E hiftory  of  the  difcovery 
of  gunpowder  is  involved  in 
much  obfcuriry ; the  moft  ancient 
authors  differing  from  each  other 
in  their  accounts  of  this  matter,  and 
many  of  them  confounding  two  dif- 
tindt  inquiries;  — the  difcovery  of 
the  compohtion  of  gunpowder;-— 
and  the  difcovery  of  the  means 
of  applying  it  to  the  purpofes  of 
war, 

X 4 


Father 
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Father  Kircher  * afiirms,  that  witli* 
out  controverfy  we  ought  to  attri- 
bute the  invention  of  gunpowder  to 
Banhold  Schwartz,  or  Barthold  the 
Black,  a monk  of  Goflar  in  Ger- 
many, and  a profound  alchemill. 
This  man  having  mixed  together, 
with  a medical  view,  ?itire,  fulphur, 
and  charcoal,  a fpark  accidentally  fell 
•upon  the  mixture,  blew  up  the  pot 
in  which  it  was  contained^  and  caufed 
a dreadful  explofion.  The  monk, 
allonifhed  at  the  event,  made  feveral 
repetitions  of  bis  experiment,  and 
thereby  fully  difeovered  the  nature 
of  gunpowder, . in  the  year  1354. 
Kircher  gives  us  alfo,  out  of  a very 
old  German  book  which  he  profeffes 
to  have  read,  a monkifli  account  of 
the  firit  ufe  which  Schwartz  made  of 

hi-s 

* Kirch,  Mhn.  Sub.  n.  48;. 
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his  gunpowder ; he  employed  It  ta 
frighten  fome  robbers  from  their 
haunts  in  the  woods. 

Sehajlian  Is'hnfier  fays,  that  be  was 
well  informed  by  a very  eminent 
phyfician^  that  the  Danes  ufed  guns 
in  naval  engagements  in  the  year 
1354,  and  that  a chemift  called 
SchwartZr  was  the  firft  inventor  of 
thena-}^.  PontanuSj  the  Danilh  hifto- 
rian,  accedes  to  this  opinion. 

Polydore  Vergil^  who  died  in  tho 
year  1555,  attributes  the  difcovery 
of  gunpowder  to  fome  very  ignoble 
German,  whofe  name  he  wiflies 
might  never  be  handed  down  ro 

pofterity. 

-j-  Achilles  GalTarns  meclicm£E  doftor,  ct 
hiftoriographus,  diligentiffime  fcripfit  mihi, 
Bombardas  anno  Chrifti  1354,  in  iifu  apiid 
mare  Danicum  fuilTe,  primumque  inventorem 
et  autorem  extitiffe  chymiftam  (]iiendam  no- 
mine Bartholdum  Schwartziim  monachum. 
Munfter.  Cofmogr.  Univ.  Lib,  3,  C.  174. 
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pofterity.  He  further  informs  us, 
that  this  German  invented  alfo  an 
iron  tube,  and  taught  the  Venetians 
the  ufe  of  guns  in  the  year  1380^. 

This  is  th*e  common  account  of 
.the  difcovery  of  gunpowder;  its 
truth  however  is  rendered  doubtful 
by  what  follows. 

The  battle  of  Crejfy  was  fought  in 
the  year  1346  ; and  an  hilforian  who 
lived  at  that  time  is  quoted  by 
Spondanus  as  affirming,  that  the 
Engliffi  greatly  increafed  the  con- 
fufion  the  French  had  been  thrown 
into,  by  difcharging  upon  them 
from  their  cannon  hot  iron  bullets']'. 
Three  years  before  the  battle  of 
Creffy,  the  Moors  were  befieged 

by 

* Polycl.  Verg,  de  Inven.  Rerum,  Lib.  II. 
C.  XI. 

f Spend.  Ann,  Eccl,  ann,  1346. 
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by  the  Spaniards  in  the  city  of  Algc^ 
ziras;  and  we  learn  from  Mariana, 
the  Spanilh  hiftorian,  ‘‘  that  the 
befieged  did  great  harm  among  the 
Chriftians  with  iron  bullets  they  fhot:’* 
the  fame  author  adds,  ‘‘  this  is  the 
firft  time  we  find  any  mention  of 
gunpowder  and  ball  in  our  hiflo- 
ries*^.”  The  Earls  of  Derby  and  Sa- 
lijbury  are  mentioned  by  Mariana  as 
having  affifled  at  the  fiege  of  Alge- 
ziras ; and  as  they  returned  to  Eng- 
land in  the  latter  end  of  the  year 
1343,  it  is  not  an  improbable  con- 
jedture,  that,  having  been  witnefles 
of  the  havock  occafioned  by  the 
Moorifh  fire-arms,  they  brought  the 
fecret  from  Spain  to  England,  and 
introduced  the  ufe  of  artillery  into 
the  Englifh  army  at  the  battle  of 

Crefly. 

* Mariana’s  Hift.  of  Spain,  Eng.  Tranf. 
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CrcfTy.  The  ufe  of  guns  in  Spain 
in  the  year  1343,  is  proof  fufficient 
either  that  Schwartz  was  not  the  in- 
ventor of  gunpowder,  or  that  Kircher 
and  others  are  miftaken  in  fixing  his 
difcovery  fo  late  as  the  year  1354* 
There  is  reafon,  however,  to  be- 
lieve, that  both  gunpowder  and  guns 
were  known  in  Germany  at  leafi; 
forty  years  before  the  period  afiigned 
by  the  Spanifli  hiflorian  for  their 
firfi:  introduction  into  Spain.  In  the 
armoury  at  Amber in  the  Palatinate 
of  Bavarhy  there  is  a piece  of  ord- 
nance, on  which  is  inferibed  the  year 
This  is  the  earlieft  account 

I have 

-j-  Q^iam  opinionem  (of  Schwartz  being  the 
inventor  of  gunpowder)  generofiffimiis  Stette- 
niiis  refutat,  enm  ex  eo  quod  Aniberga:  Pala- 
tinatus  Superioris  in  oflicina  arniorum  reperia- 
tnr  tormentum  militare  ciii  fit  annus  t303  in- 
feriptus.  AdaErud.  1769,  p.  19. 
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I have  yet  met  with  of  the  certain 
ufe  of  gunpowder  in  war;  and  it 
feems  probable  enough,  as  the  Pope 
and  the  Duke  of  Bavaria  are  thought 
to  have  been  the  firft  princes  who 
made  faltpetre  In  Europe*. 

It  ought  not  to  be  concealed  from 
the  reader,  that  Camerarius  quotes  a 
Danifh  hiftorian  as  relating,  that 
Chriftopher , hing  of  the  Danes,  was 
killed  in  battle  by  the  ftroke  of  a 
gun,  in  the  year  i2  8o“j~.  Upon  exa- 
mining the  paflage  quoted  by  Came- 
rariusj,  it  is  only  faid,  that  Chrifto- 
pher,  the  fen  of  king  kValdemaVy  was 

killed 
^ • 

* Clarke’s  NaO  Hiil.  of  Saltpetre. 

f Cranzius  feribit  Chrlftophorum  Danoium 
regem  in  prslio  bombards  i£lu  occifum  anno 
1280.  Camera.  Hor.  Subf.  Con.  p.  3.  312. 

X Cranzius  Vandal.  Lib,  VIII.  C.  23. 
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killed  in  the  beginning  of  an  engage- 
ment by  a gun,  a warlike  inflrument 
then  lately  difcovered.  Now  it  ap- 
pears *,  that  Waldemar,  Chrifto- 
pher’s  father,  did  not  fucceed  to  the 
crown  of  Denmark  till  the  year  1332, 
and  that  his  fon  was  killed  in  a naval 
engagement  feveral  years  afterwardsf , 
probably  about  the  time  affigned  by 
Munfter  for  the  firlt  ufe  of  gunpow- 
der in  Denmark. 

But  we  are  able,  upon  good 
grounds,  to  carry  the  difcovery  of 
gunpowder  to  a period  antecedent 
to  the  date  of  the  Amberg  piece  of 
ordnance  ; and  it  is  probable  enough, 
that  its  compofition  w^as  known  long 
before  we  read  any  thing  of  its  ufe 
in  war. 

Roger 

* Cranziiia  Danix.  Lib.  VII.  G.  32, 
t Id.  Lib.  VII.  C.  38. 
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Roger  Bacon  died  at  Oxford  in 
1292.  In  the  printed  copies  of  the 
works  of  this  renowned  Monk,  there 
arc  two  or  three  paflages,  from  which 
it  may  fairly  be  inferred,  that  he 
knew  the  compofition  of  gunpow- 
der * ; and  a manufcript  copy  is  faid 
to  have  been  feen  “j~,  wherein  Jaltpe- 
trCy  fulphur  and  charcoal  are  exprefsly 

mention- 

* In  omnem  cliftantiam  quam  volumus,  pof- 
fiimus  artificialiter  componere  ignem  combu- 
rentem  ex  fale  petra  et  aliis.  R.  Bacon  de 
Mirab.*  Potef.  Artis  et  Natura».  Epif.  C.  VI. 
— fed  tamen  falls  petrce  Luru  vopo  vir  Ca?i 
utriet  fulphuris  et  fie  facies  tonitrum  et  coruf- 
cationem,  fi  feias  artificium.  Id,  ib.  C.  XI. 
It  is  very  probable,  that  in  the  firft  of  thele 
paflages,  Bacon  concealed  fulphur  and  char- 
coal under  the  word  aliis ; and  that  in  the  laE, 
having  mentioned  faltpetre  and  fulphur,  he 
concealed  charcoal  and  the  method  of  mixing 
the  three  ingredients,  under  the  barbarous 
terms,  Luru  vopo  vircanutiiet. 

Flott’s  Nat.  Hill,  of  Oxfordfltire. 
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mentioned,  as  the  ingredients  of  a 
cxDmpofidon  which  would  burn  at 
any  diflance.  But  though  it  be  al- 
lowed, that  Bacon  was  well  acquaint- 
ed with  the  compohtion  of  gun- 
powder, it  will  not  follow',  either 
that  he  was  the  firft  difcoverer  of  it, 
or  that  he  knew  its  application  to 
fire-arms. 

. The  Moors,  we  have  feen,  who 
had  fettled  In  Spain,  are  efteemed 
by  fome  to  have  been  the  firft  per- 
fons  who  ufed  gunpowder  in  the 
practice  of  w'ar ; they  alfo  brought 
into  Europe  a great  many  Arabian 
books,  and  introduced  a tafte  for  che- 
miflry  into  different  countries,  about 
the  time  in  which  Bacon  flouriflied. 
It  is  confeffed,  on  all  hands,  that  Ba- 
con w'as  no  ftranger  to  Arabian  lite- 
rature ; a great  part  of  his  optical 

dif. 
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difquiritlons,  being  evidently  bor- 
rowed from  Alhazen  the  Arah\  and 
•it  is  not  a fuppofition  wholly  void 
of  probability,  that  he  derived  his 
•knowledge  of  the  compofition  of 
gunpowder  from  the  fame  fource. 
As  to  his  knowledge  of  the  life  df 
It  in  war,  he  certainly  had  fome 
idea  of  it;  for  he  intimates,  that 
cities  and  armies  might  be  deftroy*- 
ed  by  it  in  various  ways:  but  it  is 
not  equally  certain  that  he  had  any 
fpecific  notion  of  the  manner  of 
iifing  gunpowder,  w'hich  unquef- 
tionably  prevailed  foon  after  his 
death. 

It  is  one  thing  to  throw  out  a 
conjedlure  concerning  the  effects 
which  might  be  produced  by  the 
proper  application  of  a known  fubi- 
ftance;  another,  to  defcribe  the 

VOL.  I.  y 
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:i[ifieans  of^applying  it.  There  are 
-JTvjbftances  .in  nature,  from  a com- 
jhinacion  .of  which  it  is  pofTible  to 
jCjeflroy  a fhip,  or  a citadel,  or  an 
.firmy,  by  a ;fhower  of  liquid  fire 
.fpop.tancQofly  lighted  in  the  air:, 
every  pcrfqn  who  is  aware  of  the 
_di:eadful  fiery  explofion  which  at- 
ftends  the  mixture  of  two  or  three 
-.quarts  of  fpirit  of  turpentine  with 
{ftrong  acid  of  nitre,  mufi:  aeknow- 
dedge  the  truth  of  -the  aflerrion; 
ib.ut  ;the  iimple  knowledge  of  the 
poffibility  of  effefting  fuch  a de- 
;flrudtion,  is  a very  different  matter 
from  the  knowledge  of  its  pra<5U- 
cabUityj  though  future  ages  may, 
perhaps,  invent  as  many  different 
ways  of  making  thefe  fubftances 
unjte  in  the  air,  fo  as  to  fall  down 
ip  drops ' of  fire,  as  have  been  in- 
. _ . vented  g 
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vented  of  making  gun powder3^  a fad 
inftrument  of  the  deftruftion  of 
our  fpecics  fince  the  time  of  Ba- 
con. 

From  the  accounts  given  of  the 
attempts  of  S-ahmneus  and.  Caligulc^ 
to  imitate  thunder  and  lightning, 
feme  have  been  of  opinion  that 
gunpowder  was  known  to  the  an- 
cients * : be  that  as  it  may^  we  can- 
not hefitatc  in  admitting  that  k Has^ 
been  long  known  in  various  parts- 
of  Afia.  It  v/ould  be  ufelefs  to  cite 
a variety  of  authorities  in  proof  of 
this  point  j I will  content  myfelf 
with  that  of  Lord  Bacon : — ‘‘  Cer- 
tain it  is,  that  ordnance  was  known 

in 

* See  Duten’s  Enquiry  into  the  Diicove* 
lies  of  the  Moderns,  p.  263,  Englifli  Tra?if* 
Batioiu 

Ts  2. 
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in  the  city  of  the  Oxidrakes  in 
India  j and  was  that  which  the  Ma- 
cedonians called  thunder  and  light- 
ning, and  magick.  And  it  is  well 
known  that  the  ufe  of  ordnance 
'hath  been  in  China  above  2060 
years*.” 

One  of  the  moft  ufcful  applica- 
tions of  gunpowder,  is  in  the  art 
of  mining.  The  hammer  and  me- 
,tallic  wedges  were  probably  the 
firft  inftruments  which  men  ufcd 
for  the  fplitting  of  rocks.  The 
application  of  wooden  wedges  to 
the  fame  purpofe,  feems  to  have 
been  a more  recent  difeovery:  it 
is  the  property  of  dry  wood  to  ex- 
pand itfelf,  when  wetted  with  wa- 
ter : miners  have  had  ingenuity 
enough  to  avail  thcmfclves  of  this 

pro- 


* Bacon’s  Eflay  on  the  Viciffitude  of  Thbgs. 
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property,  for.  it  is  a pradlice  • with., 
them  to  drive  wedges  of  dry  wood 
into  the  natural  or  artificial  crevices 
of  rocks,  and  to  moiften  the  wedges,, 
with  water.  Wood,  by  imbibing 
moifture,  fwells  in  every  dimenfion  ; 
and  the  force  of  this  expanfion  is 
fufficient,  in  many  cafes,  to  detach 
large  pieces  from  the  main  body  of 
a rock.  , But  the  expanfive  force 
of  gunpowder  is  incomparably 
greater  than  that  of  moiftened- 
wood.  There  are  different  accounts 
of  the  time  when  gunpowder  was 
firft  applied  to  the  blaffing  of 
rocks.  Rojsler  relates  that  ia 
1627,  blading  of  mines  was 
brought  from  Hungary^  and  intro- 
duced in  the  German  mines:  but 
Bayer  fays,  that  in  1613,  it  was  in- 
Y 3 vented 
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vented  by  Martin  FreygoU  at  FreU 
herg  *. 

In  anfvver  to  an  inquiry  which  I 
made  concerning-  the  time  when 
blafting  was  introduced  at  the  fa- 
mous copper  mine  at  EEion  in  Staf- 
fer djhire^  I received  the  following 
account  from  a very  able  and  intel- 
-ligent  perfon.  I can  give  you 
a little  better  information  concern- 
ing the  affair  of  blafting.  I have 
known  that  country  where  the  mine 
US,  above  fifty  years  j and  have  often 
.leen  the  fmith’s  fliop  in  which,  tra- 
dition fays,  the  firft  boring  auger 
that  .had  ever  been  ufed  in  Eng- 
dand  was  made  r and  that  the  firfl 
Ihot  that  was  ever  fired  in  Derby- 
dliire  -or  Staffordfl'iire,  was  fired  in 

this 

* See  Travels  throw gh  B-annat^  iSce,  by 
Baro»  Born,  Eng,  Tranf.  p.  192, 
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this  V€rf  Cop^per-mine  at 
The  inhabitants  of  Weft6n>  (a  vil- 
lage  adjoining  to  the  nnine)  tell;  me 
the  anger  was  made  by  fome  G<?r- 
man  miners^  fent  for  over  by  Prinid 
Rupert  to  work  this  eopper  mine  at 
Ediion-.  The  Prince  (Rapin  fays) 
came  into  EngJand  in  1636,  and’  was 
ordered  by  the  King  to  leave  the 
kingdom-  i‘64>5  j though  he’'was 
afterwards  admiral  i5nde-r  Charles 
the  Second^-  it  is  mod  probat)le  the 
miners  came  during  his  fifft  abode 
in  this  kingdom,  I am  very  welt 
convinced  of  the  truth  of  the  above 
tradition,  becaufe  the  fathers  of  my 
informers  might  be  very  wd'l  ac-' 
quarnted  with  the  miners  that  in-' 
troduced  blafling  among  them.”  In 
addition  to  this  account  I would 
obfervc,  that  the  manner  of  fplitting 
Y 4 rocks 
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rocks  by  gunpowder,  as  praftifed 
at  Liege,  was  pubiidied  by  the  Royal 
Society  in  i66'5  ; and  that  it  was 
not  till  about  the  year  1684,  that 
the  miners  in  Somerletfhire  began 
to  ufe  gunpowder*.  In  the  year 
1668  Prince  Rupert  was  chofen 
governor  of  the  Society  for  the  Mines 
Royal and  as  he  lived  fourteen 
years  after  that  appointment,  it  is 
not  improbable  that  he  might  fend 
for  the  German  miners  in  confe- 
quence  of  his  connection  with  that 
fociety. 

Before  the  difcovery  of  blafting 
rocks -by  gunpovvder,  it  was  the 
cufiom  in  our  EngliQi  mines,  as 
well  as  in  Germany,  to  fplit  them  by 
wood  fires.  This  method  is  minute- 

ly 

* Philof.  Tranf. 

-j-  Account  of  Mines,  p.  20. 
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ly  'defcribed  by  Agricola  and  it  is 
not  yet  wholly  fallen  into  difufef. 
It  is  a very  ancient  mode  of  mining; 
being  mentioned  by  Diodorus  Sicu- 
lus, as  pradlifed  in  fome  Egyptian 
mines  J:  he  gives  us,  in  the  place 
here  referred  to,  fuch  a melancholy 
account  of  the  condition  of  the  poor 
Haves  who  were  employed  in  thofe 
mines,  as  mull  make  the  heart  of 
every  humane  man,  who  has  a ra- 
tional refpedt  for  the  natural  rights 
of  every,  individual  of  . our  fpecies, 
fvyell  with  indignation,  and  thrill 
with  horror.  Would  to  God,  that 
the  clemency  of  the  talkmafters  in 
the  mines  of  PerUy  and  in  other  fct- 
tlements  of'  European  Chrijliaris, 
• . . could 

* De  Re  Metal. 

■ f Philof.  Tranf.  1777,  p.  414, 

J.  Lib.  III. 
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could  induce  us  to  ibelieve  that 
Diodorus  Siculus  had  exaggerated 
the  barbarity  of  Heathen  policy ! 
But  there  is  much  to  be  done, 
much,  I fear,  to  be  fufFered,  by 
all  the  ftates  of  Chrijlendem^  before 
the  Gofpel  of  Chrift  can  be  faid  to 
be  elfablillied  amongft  them  as  a 
rule  of  life  influencing  their  con- 

It  is  related  of  Hannibal^  that  he 
opened  himfelf  a paffage  through 
the  Alps,  by  applying,  fire  and  vi- 
negar to  the  rocks  which  oppofed 
his  route.  This;. mode  of  fplitting 
rocks  was,  probably,  not  invented 
by  Hannibal  T he  might  have  had 
frequent  opportunities  of  obferving 
a fimilar  pradlice  in  the  filver 
mines  in  Spain,  which  daily  afford- 
ed him  three  hundred  pounds 
• - ' • -weight 
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weight  of  filver  *,  There  is  no- 
thing, indeed,  fald.  of  vinegar  itt 
the  defcription  of  the  Egyptian 
inines  before  mentioned ; but  Pliny 
exprefsly  affirms,  that  it  was  the 
quality  of  vinegar,  when  poured 
upon  rocks,  to  fplit  ibch  as  an  an  - 
tecedent  fire  had  not  fplit;  and 
that  it  was  the  cuftom  of  miners 
to  burfl  the  rocks  they  met  with, 
by  fire  and  vinegar  f.  This  ac- 
count of  Hannibars  ufing  vinegar 

in 


’ Minim  adhuc  .per  Hifpanias  ab  Hanni- 
haie  inchoates  puteos  durare,  fua  ab  inven- 
toribufi  nomina  habentes.  Ex  qiieis  Belulo 
appellatur,  hodieque,  qui  CCC  pondo  Han* 
iiibali  fubminiftrabat  indies ! Plin.  Hift« 
Nat.  L.  33.  S.  31. 

•j-  Saxa  rumpit  infufum  (acetum)  quae  non 
rupeiit  -ignis  antecedens.  Plin.  Nat.  Hift. 
L,  23.  S.  27.  & L.  33.  S.  21.  where  by 
cannot  be  underflood  what  we  call  flints,  flnee 
vinegar  has  no  action  on  flints. 
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m fplittrng  the  rocksj  is  generally^ 
looked  upon  -as  fabulous:  for  my 
part,  I can  eafily  conceive,  that  a 
few  barrels  of  vinegar  might  have 
been  of  great  ufe,  if  -the  rocks 
were  of  the  limeftone  kindj  and, 
whether  they  were  fo  or  not,  I 
leave  to  be  fettled  by  thofe,  who 
have  vifited  the  place  where  this 
famous  attempt  was  made.  -Vine- 
gar corrodes  all  forts  of  limeftone 
and  marble  rocks ; and  hence,  being 
introduced  into  the  crack  made 
by  the  . fire,  it  might  be  very  effica- 
cious in  widening  them,  and  ren-. 
dering  the  reparation  of  large 
lumps  by  iron  crows  and  wedges 
more  eafy.  It  is  erroneoufly  fup- 
pofed,  that  a large  quantity  of 
vineo-ar  was  reauifite,  for  the  vine- 
gar  .did  not  reduce  the  whole  mafs 

of 
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of  rocks  into  i pulp ; fince  Livy 
clearly  informs  us,  that  after  the 
a6lion  of  both  the  fire  and  vinegar, 
they  were  obliged’^  to  open  their 
paflage-  by  iron  inftruments,  which 
would  have  been  wholly  unneceflary, 
had  the  main  body  of  li  the rocks 
been  diffolved  by  the  vinegar 
■ W . .r- 

* — ardentiaqiie  faxa  infufo  aceto  putre- 

■ ' f}' 1 ) p 2'  *^ 

faciunt.  Ita  torridam  incendio  nipem  ferre 
pandunt,'  Liv.  Hili.  1.  xxi.  c.  kxxvii. 
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